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Understanding of the factors influencing the 
spontaneous development and the transplantation 
of experimental neoplasms has been sought in 
studies of rat and mouse leukemia. Since leukemia 
is induced readily in various strains of mice by 
either carcinogenic hydrocarbons, ionizing radia- 
tions, estrogens, or combinations of these agents 
(31, 66), the disease has been the subject of recent 
studies on experimental carcinogenesis. Because of 
their sensitivity to so-called “therapeutic”? chemi- 
cal agents, the leukemias of mice are being used 
extensively in screening programs (16) and for the 
study of cellular refractoriness to agents such as 
the folic acid antagonists (19, 72). 

Morphological types—The usual type of sys- 
temic leukemia is lymphoid. Myeloid leukemia, 
often chlorotic, appears relatively infrequently 
(67). Spontaneous mediastinal (thymic) lympho- 
sarcoma occurs primarily in young mice (49, 67). 
Unusual distribution of leukemic infiltrations may 
characterize the disease in hybrids, the patterns 
of disease being more uniform in the pure strain 
(49). In “high-leukemia” strains the incidence may 
be as high as 90 per cent, the majority of cases 
appearing by 1 year of age. Leukemia occurs spon- 
taneously in old animals, beyond 500 days of age, 
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of strains such as the CBA and Bagg albino which 
are considered “‘low-leukemia.”’ If careful autop- 
sies were done routinely on populations given good 
care, it would probably be found that in old mice 
of even the “‘leukemia-resistant” strains the dis- 
ease develops in as many as 5 per cent.! It can be 
very difficult to decide in old mice upon gross ex- 
amination whether the large Malpighian cor- 
puscles of the spleen are hyperplastic or actually 
representative of leukemic neoplasia. 

The interactions of genetic and extrinsic factors 
determine the time of appearance and the type of 
lymphomatous and myelomatous disease. In the 
Ak stock and in certain hybrid crosses with a low- 
leukemia strain (F; and backcross to the Ak), neo- 
plastic disease of the hemopoietic system appears 
early, and mediastinal lymphosarcoma is common. 
In backcrosses to the low leukemia stock, leukemia 
develops late, and localized mediastinal disease 
occurs rarely (49). In strains which develop spon- 
taneous leukemia or lymphosarcoma only occa- 
sionally (as well as in certain ones with a high in- 
cidence), ionizing radiations, carcinogenic hydro- 
carbons, or estrogenic hormones may induce lym- 
phomatous disease (65). Susceptibility to each of 
these agents is determined by genetic factors which 
are not identical with those determining suscepti- 
bility to spontaneous disease. 

Rare types of rodent neoplasms of hemopoietic 
tissue are the hepatic histiocytoma (42), which on 
transplantation may express itself as a leukemia 
or sarcoma of the stromal reticulo-endothelial tis- 
sue, plasma-cell leukemia (100), and mast-cell 
tumors (24). Reticular cells may predominate in 
some rat and mouse lymphomas, the term “‘e- 
ticulum-cell sarcoma” having been applied. Al- 


1 A. Kirschbaum, unpublished data. 


741 


4 
ite 

“a 

: 

: 

~ 

te 

€ 
= 

Tee 

> 

We 

‘ 
he 
> 

¢ 

; 

ee 

i> 

= 

get: 

° 

oom 

~ 

| 

nae 


742 


Cancer Research 


though atypical giant cells and fibrosis may appear 
in the infiltrations, the ““Hodgkins” adjective is 
probably not appropriate. 

Cytology —The “immature”’ leukemic cells, as 
seen in blood and marrow smears, and imprints of 
the infiltrated organs, closely resemble the undif- 
ferentiated human leukemic cells (67). Distinctive 
cytological characteristics such as granulation 
may distinguish transfer lines. 7 

An increase in the number of mitochondria oc- 
curred during potentiation of malignancy within 
one transfer line, whereas a second transfer line 
whose infiltrative capacity remained unaltered ex- 
hibited no similar cytologic modification (86). 

Chromosomes of mouse leukemic lymphocytes 
are larger than those of homologous normal cells of 
the adult. Their size is greater in the more malig- 
nant cells of transplanted leukemia as compared 
to lymphocytes of spontaneous leukemia. Lym- 
phocytes of the embryo also possess large chromo- 
somes. The difference in the size of the chromo- 
somes of normal and leukemic cells is due to 
amounts of pepsin-digestible protein (11). Sex hor- 
mones influence the size of the chromosomes in 
mouse leukemic cells (12). 

The whole “nuclear fraction” of leukemic 
spleens is extremely rich in RNA, as compared to 
the similar fraction from normal spleens. This may 
be accounted for by the fact that the nuclei of 
leukemic spleens contain nucleoli which are not 
present in normal mature lymphocytes (95). 

No cytologic alteration could be correlated with 
the development of refractoriness in a transfer line 
of leukemia to the inhibiting action of folic acid 
antagonists (19, 72). 

Although folic acid antagonists inhibit the de- 
velopment of certain transplanted leukemias, there 
seems to be no “‘radiomimetic”’ effect, as seen in 
the action of nitrogen mustards (7), colchicine 
(77), and alpha- and beta-peltatin (44), where pyk- 
nosis and nuclear fragmentation occur. Massive 
doses (several times the LD50) of nitrogen mus- 
tards may kill leukemic cells, so that transplanta- 
tion is not possible from treated animals. On the 
other hand, treatment of leukemic mice with ex- 
tremely large doses of the folic acid antagonists 
does not alter transplantability (14). 

An increased percentage of mature cells ap- 
peared in the blood, and the total white blood cell 
count dropped to normal levels following the ad- 
ministration of urethan to mice with a trans- 
- planted myeloid leukemia. Similarly, there was a 
“shift to the right” in the bone marrow. Corre- 
lated with the accelerated maturation of leukemic 
cells there was a decreased number of mitotic 
figures (64). 


Cellular morphology may indicate fundamental 
differences in leukemic cells. Myeloid leukemic 
cells of the F strain are usually sensitive to the ac- 
tion of urethan and potassium arsenite, although 
resistant to folic acid antagonists. The reverse js 
true for lymphoid leukemic cells (63). Within ley- 
kemias of one cell type, tremendous variations in 
response may occur. 


LEUKEMOGENIC Factors 


Genetic.—The most carefully controlled work 
reveals that the gene may definitely influence the 
development of mouse leukemia (81). Females of 
the low-leukemia StoLi strain were mated with a 
single C58 (high-leukemia) male, with 7 F, sons 
and with 50 backcross (to StoLi) grandsons. Al] 
mice were nursed by Bagg albino females. The in- 
cidence of leukemia in the offspring of StoLi fe- 
males mated with backcross fathers varied from 
0 to 42.8 per cent, indicating the genetic diversity 
of the backcross males and suggesting a segrega- 
tion of the genes influencing leukemia. 

The length of life of the offspring was a compli- 
cating factor in evaluating results. Length of life 
was affected by the genetic pattern of the back- 
cross fathers, by a nursing influence from the fe- 
males, and by sex itself, females living longer than 
males. Increasing the parturition age of the mother 
delayed the appearance of leukemia without in- 
fluencing the other causes of death, so that poten- 
tial leukemics died of other causes. 

When high-leukemia C58 mice were originally 
reciprocally crossed with low-leukemia StoLi 
mice, a maternal influence analagous to that ob- 
served for mammary cancer was suggested (82), 
since the incidence of leukemia in genetically simi- 
lar F, hybrids was higher if the female parent was 
of the high-leukemia C58 strain. It now appears 
that the maternal influence responsible for this dif- 
ference consists of a definite resistance to leukemia 
contributed by the low-leukemia strain mothers 
(83). This may be supplied before birth or by 
nursing alone. It becomes an increasingly potent 
influence with advancing age. When this resistance 
is absent, the leukemic heredity of the C58 strain, 
whether introduced by the male or female, shows 
dominance. It appears that this “‘resistance factor 
contributed by StoLi mothers extends to other 
causes of death. 

Nongenetic factors influence the development 
of leukemia and complicate the situation sufh- 
ciently so that it is probably premature to con- 
clude from one series of crosses that a single dom!- 
nant gene controls the development of leukemia, 
and that leukemic cells develop as a result of s0- 
matic mutation in cells with this labile gene (49). 
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Leukemia has been generally observed to appear 
later in life in F; hybrids and in backcrosses to the 
low-leukemia strain than in the pure strain or its 
hackerosses (49, 62). The time of appearance of 
leukemia in the heterogeneous F, population is 
variable. Early development of the disease tends 
to be manifested as thymic lymphosarcoma. 

The genes determining susceptibility to the de- 
velopment of ‘“‘spontaneous” leukemia are not 
identical with those involved in the reactions to 
leukemogenic agents such as ionizing radiations, 
carcinogenic hydrocarbons, and estrogenic hor- 
mones. Strains with a relatively low incidence of 
spontaneous leukemia (e.g., CBA) may respond 
readily to a specific leukemogenic agent (e.g., 
estrogen), but not to another such as methylcho- 
lanthrene (65). 

Viral—Although in F, hybrid reciprocal crosses 
between certain high- and low-leukemia strains 
the incidence of leukemia is higher and the age of 
onset earlier if the female parent is of the high- 
leukemia strain, foster nursing experiments do not 
support the suggestion that a “‘leukemia agent” is 
present in the milk, as in the case of mouse mam- 
mary cancer (68). Although a virus may be asso- 
ciated with certain transfer lines of leukemic cells 
(116), it is considered to be a contaminant in so far 
as the etiology of leukemia is concerned. 

When very young mice of the low-leukemia 
C3H strain were inoculated with a noncellular 
extract of either leukemic tissue, or of embryonic 
cells from the high-leukemia Ak strain, leukemia 
appeared “‘spontaneously”’ (46). Susceptibility to 
the agent was expressed only by mice inoculated 
at less than 12 hours of age. It is suggested that 
mouse leukemia may be transmitted by an agent 
analogous to that of chicken leukosis. Confirma- 
tion of these findings is required to establish mouse 
leukemia as a viral disease. Several investigators 
have suggested the possibility that mouse and rat 
leukemia may be transmitted by cell-free materials 
(112). Freezing followed by lyophilization at low 
temperatures inactivates the capacity of leukemic 
tissue to transmit the disease to animals suscepti- 
ble to cellular transmission (34). 

_ Hormonal.—Estrogenic hormones, when given 
in appropriate doses, are leukemogenic for certain 
‘trains of mice (38) and their hybrids (36, 37). The 
resulting type of disease is usually thymic lympho- 
sarcoma. The leukemogenic effects of x-rays or 
methylcholanthrene may be potentiated by exog- 
‘ious estrogen (66). In certain high-leukemia 
strains (88), but not in others (81), the incidence 
 Pontaneous leukemia is higher in females than 
ales. 


Androgenic hormones are anti-leukemogenic in 


mice under certain conditions. The leukemogenic 
action of estrogens is nullified by the simultaneous 
administration of appropriate amounts of andro- 
gen (38). The incidence of radiation-induced lym- 
phomas is likewise reduced by administering tes- 
tosterone propionate (35, 58). Injections of andro- 
genic hormone reduced the incidence of leukemia 
in females to that found in males of the RIL strain 
(88). Although orchidectomy increased the inci- 
dence of leukemia in RIL males, the incidence of 
the radiation-induced disease of C57 black mice 
was not significantly altered by gonadectomy 
(58). 

Adrenalectomy increased the incidence of 
spontaneous leukemia in C58 mice (73) and of 
radiation-induced thymoma in C57 blacks (59). 
Administration of cortisone decreased the per- 
centage of induced lymphomas in the latter strain 
(59). Adrenalectomy is said to increase suscepti- 
bility to transplantation of rat lymphosarcoma 
(115), whereas cortical hormone exerts inhibitory 
effects (91).? 

Lymphosarcomas originating in the lung ap- 
peared in six of fifteen rats treated with growth 
hormone, whereas none appeared in controls. In 
all the injected animals the peribronchial lymphoid 
tissue was hyperplastic, and it was from this site 
that the lymphosarcomas developed (87). 

Carcinogenic hydrocarbons.—The susceptibility 
of certain strains of mice to the induction of 
leukemia may depend primarily upon the response 
of the thymus. When small amounts of carcino- 
genic hydrocarbons were implanted directly into 
the various organs, local lymphoid tumor develop- 
ment appeared in the thymus but not in the other 
lymphoid organs (98). The most potent of the car- 
cinogens upon subcutaneous injection was 9,10- 
dimethyl-1,2-benzanthracene. Since 3,4-benzpy- 
rene, 1,2,5,6-dibenzanthracene, and 20-methylcho- 
lanthrene are effective when injected directly into 
the thymus, it appears that rapidity of absorption 
may determine leukemogenic potency. The site of 
injection may be decisive in determining leukemo- 
genic effectiveness (97, 99). 

Removal of the thymus reduced the incidence 
of carcinogen-induced leukemia from 69.7 to 22.0 
per cent (75). Removal of the spleen or transplan- 
tation of one or two thymuses into intact DBA 
mice did not alter the incidence of carcinogen-in- 
duced leukemia. If, however, thymectomy was fol- 
lowed by autoplastic grafting, the incidence of in- 
duced leukemia was 69.1 per cent, indicating that 
the presence of thymic tissue is necessary for the 
development of leukemia in a high percentage of 


2J. Stasney, K. E. Paschkis, and A. Cantarow, personal 
communication, 1951. 
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mice of this strain. Although, in contrast to Ak 
mice (85), the thymus is apparently not ordinarily 
the primary locus for the development of spon- 
taneous leukemia in C58 mice, its removal does 
reduce the incidence (76). Grafted thymuses did 
not appear to serve as the focus for lymphoma de- 
velopment. Absence of the thymus did not change 
the incidence of other types of induced tumors. 

Although p-dimethylaminoazobenzene is usu- 
ally considered carcinogenic for the liver alone, 5 
of 28 rats receiving splenic implants developed 
lymphoblastic lymphosarcomas (78). No similar 
tumors appeared in controls, nor were neoplasms 
of this type induced by oral administration. 

Following gastric instillation of methylcholan- 
threne into 59 Wistar rats, 6 developed lymphatic 
and 2 myelogenous leukemia (104). Leukemia ap- 
peared in young rats suckled by mothers which 
received methylcholanthrene by stomach tube. 
Labeled 20-methylcholanthrene was recovered 
from the milk of the stomachs of the offspring, in- 
dicating that carcinogenic agents may be trans- 
ferred to the offspring by way of the breast milk 
(105). 

Radiation.—Lymphosarcoma and/or leukemia 
may be induced by the whole-body radiation of 
mice. The thymus of C57 blacks seems to be pri- 
marily susceptible to this action of x-rays, dis- 
seminated disease (leukemia) resulting from 
secondary infiltration of other organs (53). Radia- 
tion of the thymus alone, or of the whole body ex- 
cept the thymus, did not result in the induction of 
thymic tumors (55, 56). That a humoral factor 
operates is indicated, since shielding of an ex- 
tremity decidedly reduced the incidence of induced 
thymomas (56). Normal nonirradiated tissue may 
inactivate a humoral factor produced by radiation. 

If a strain of mice is susceptible to the induction 
of leukemia by x-radiation, the younger the ani- 
mal is at the time of exposure to x-rays (54), 
the greater its susceptibility. Estrogen enhances 
(35, 66) and androgen decreases susceptibility 
(35, 58). Certain strains are more susceptible to 
the induction of leukemia than others; in one the 
thymus may be the target organ (53), whereas in 
others the locus seems frequently to be extra- 
thymic.! Treatment with estrogenic hormone may 
render lymphoid tissue susceptible to the induc- 
tion of neoplastic change by local radiation.! In 
support of the idea that a humoral factor resulting 
from radiation is the actual leukemogen is the 
observation that in estrogen-treated mice thymic 
lymphosarcoma may be induced by radiation of 
the entire body except the thymus.! 

The incidence of lymphoma was proportional to 
the total dose of radiation in C57 black mice, 


whether fractionated or in one exposure (57), With 
fractionation treatment, if the intervals between 
radiation were 4-8 days, the incidence was greater 
than if treatments were given daily. If the intervals 
were 16 days the incidence was no greater than for 
daily treatments. 

Nutritional.—Nutritional factors may influence 
the time of onset of either spontaneous or induced 
leukemia, or alter the growth of transplanted 
lymphoid tumors. Caloric restriction resulted in 
later appearance and reduction of the total inci. 
dence of leukemia in mice of the Ak strain (101), 
The incidence of carcinogen-induced leukemia 
was remarkably reduced in DBA mice when the 
animals were fed a diet low in cystine (119). That 
the effect was not one resulting from nonspecific 
inhibition of growth is suggested by the observa- 
tion that the restriction of other amino acids 
(lysine or tryptophan) decreased the body weight 
but not the incidence of leukemia. 

Both pyridoxine and riboflavin deficiencies were 
associated with the inhibition of growth of certain 
transplanted lymphosarcomas (113, 114). Admin- 
istration of a guanine analogue, 8-azaguanine 
(guanazolo), has been reported to inhibit the 
growth of transplanted leukemia (60, 71). It has 
been postulated that the effect is caused by inter- 
ference with the utilization of guanine, which is 
essential for the growth of neoplastic cells (61). 
The inhibitory effect of folic acid analogues on 
transplanted leukemia has been attributed to in- 
terference with folic acid metabolism resulting in 
a diminished nucleic acid synthesis (107). 


TRANSPLANTED LEUKEMIA 


Genetic factors control the transplantation of 
leukemic cells. Cells of specific lines proliferate 
only in mice of certain genetic constitution. Leu- 
kemic cells are usually 100 per cent transplantable 
into the mouse strain of origin and into F; hybrids 
between this and the foreign strain. 

Transplantation patterns (susceptibility of hy- 
brids of varied genetic constitution) of normal an 
malignant cells are different, an observation which 
has been interpreted to indicate that the genic 
composition of malignant cells differs from that of 
normal cells (32). The percentage of F» hybrid 
mice supporting the growth of leukemic cells in- 
dicates the number of genes involved in trans 
plantation. 

Malignant lymphocytes grow not only when 
transplanted into a suitable living animal medium, 
but also in tissue culture if a mesenchymal stroma! 
tissue is present (23). The stromal tissue itself can- 
not be retransplanted into animals and grow as@ 
tumor, which observation indicates that the lym 
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hoblastic round cell is the essential malignant 
cell. In peritoneal ascitic fluid malignant lympho- 
cytes proliferate, apparently increasing in number 
“1 the absence of peritoneal implants (41). 

The rate of growth of transplanted mouse lym- 
phosarcoma cells was not more rapid than that of 
normal cells of 12-day-old hosts (93); when the 
same lymphosarcoma was inoculated into 42-day- 
old mice, the animals with tumors gained more 
weight than littermates without tumors—the 
tumors accounting for weight gain (92). 

Heterologous and cross-strain transplantation 
of mouse leukemia have been accomplished by 
x-irradiation of the foreign species or mouse 
strain prior to inoculation of leukemic cells (51). 
Attempts to transplant lymphomas into foreign 
species by inoculation into the anterior chamber 
of the eye have been unsuccessful (79). This lack 
of growth has been explained on bases other than 
nonmalignancy and/or absence of autonomy. 
Mouse lymphomas are malignant by all criteria 
other than growth in the anterior chamber of a 
foreign species. Failure to grow may be attributed 
to the lack of resistance of lymphoma cells to vari- 
ous types of trauma, the short life span of the cells, 
and the rapid development of immunity in the 
inoculated host. Mouse lymphomas are trans- 
plantable into the eyes of only homologous mouse 
strains. 3 

When inoculated into a foreign strain, mouse 
leukemic cells may form a temporary growth 
which subsequently regresses. The hosts resist a 
second transplantation of the same line of leuke- 
mic cells, no ““temporary”’ growth appearing. This 
capacity of certain leukemic cells to grow in for- 
eign strains is said to be evidence of their high 
resistance to the action of antibodies. Inability of 
regressing leukemic cells to grow upon transplan- 
tation into an ordinarily susceptible host is attrib- 
uted to adsorbed antibody. The serum of “‘im- 
mune” animals may inactivate leukemic cells in 
vitro, so that their ability to transmit the disease is 
lost (43). Similar in vitro inactivation of leukemic 
cells occurs when they are placed in contact with 
antiserum prepared by inoculating leukemic cells 
into a foreign species (118). Antigen is present in 
both normal and malignant cells, but to a greater 
extent im the latter (26). Cytoplasmic material is 
more highly antigenic than nuclear (4, 25). Nonspe- 
cific inactivating material of rabbit serum can be 
destroyed by heating at 56°C. (118). Antiserum 
against lymphosarcoma cells (produced in rabbits) 
inhibited the growth of a transplanted rat 
lymphosarcoma (94). 

The temporary growth of leukemic cells in for- 
“ign strains of mice may be inhibited or stimulated 


by multiple prior injections of frozen, lyophilized 
tissue (109, 110). Stimulation or inhibition de- 
pends on both the source of tissue and the neo- 
plasm transplanted. Animals may actually suc- 
cumb as a result of invasion of cells which ordi- 
narily grow only temporarily. Foster-nursing may 
render animals of otherwise resistant strains sus- 
ceptible to the transmission of leukemia (69). 

Immunity to mouse leukemic cells has been in- 
duced in mice by inoculation of normal tissue of a 
foreign strain or a sublethal dose of leukemic cells 
prior to injection of a lethal dose (84). The im- 
munity produced in the latter manner was pas- 
sively transferred by inoculation of spleen or liver 
of immune animals; that induced by the adminis- 
tration of normal tissue was not transferable 
(96). Although it was possible to immunize against 
transplanted leukemia, such immunity could not 
be induced against spontaneous leukemia nor the 
cells from a spontaneous case (80). 

When a rat reticulum-cell sarcoma was trans- 
planted after exposure to 3,000 r of x-rays, some 
of the transplants failed to grow (40). The hosts 
were immune to reinoculation of untreated grafts 
of the same neoplasm. Following regression of a 
lymphosarcoma grafted into riboflavin-deficient 
mice, subsequent tumor grafts did not grow (114). 
Regression of the same lymphosarcoma in pyri- 
doxine-deficient mice did not induce immunity 
(113). 

The first experiments on parabiosis in relation 
to susceptibility to transplanted leukemia re- 
vealed that if mice of a susceptible and of a resist- 
ant strain were united, inoculation of either para- 
biont with leukemic cells resulted in the develop- 
ment of leukemia by only the susceptible animal 
(30). Recent experiments utilizing the technic of 
parabiosis support the idea that humoral factors 
are involved in transplantation. Rats were made 
susceptible, by radiation with x-rays, to the het- 
erologous transplantation of mouse leukemia. 
When an irradiated rat was united to a genetically 
similar untreated animal, the irradiated rat lost its 
susceptibility to the transplanted mouse leukemic 
cells (10). This experiment has been interpreted 
as demonstrating that humoral substances passing 
from the nonradiated to the radiated rat nullified 
the radiation-induced susceptibility. 

Rats or mice which ordinarily do not develop 
leukemia when inoculated with leukemic cells 
from the same species may exhibit susceptibility if 
inoculated when relatively young with large doses 
of cells (45, 103). If genetic factors control the 
immunologic physiology determining transplanta- 
tion, it might be concluded that transplants may 
be successful in otherwise resistant animals if they 
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are inoculated before the ability to form antibodies 
is well developed. Genetically determined resist- 
ance is relative, modified by the age of the recipi- 
ent and the dose of leukemic cells. 

A virus which is not to be considered a causative 
agent of mouse leukemia has been associated with 
several transfer lines and has been studied espe- 
cially in relation to line I of the C58 strain (116). 
In mice inoculated with extracts of leukemic cells 
a lymphocytosis appeared, and the animals be- 
came sick 8-10 days after inoculation. All animals 
recovered and were immune to reinoculations of 
the virus. Leukemic cells can be freed from the 
virus by inoculation of cells into immune animals. 
The virus shortens the latent period of the trans- 
planted disease, and influences the development of 
immunity against leukemic cells of line I. 

Leukemic cells may contain a viral agent of per- 
haps another type (22). By culturing a lympho- 
sarcoma, the mesenchymal were separated from 
the round cells. A lymphopenia resulted from the 
inoculation of either the leukemic round cells or 
extracts, but not from stromal mesenchymal cells. 
Animals were immune to subsequent inoculations. 

In experiments demonstrating the transmission 
of leukemia by single intact cells it was found that 
leukemia did not result when the fragments of 
leukemic cells ruptured by microdissection were 
inoculated (33). Successful transmission of rat 
leukemia with cellular constituents alone has been 
described (112). Although the presence of intact 
cells was considered unlikely with the procedure 
used, many tumors appeared at the subcutaneous 
site of inoculation. Local appearance of tumors in 
the subcutaneous tissue makes cellular transmis- 
sion a distinct probability. 

Chemical agents may influence the develop- 
ment of transplanted leukemia. This will be dis- 
cussed below under ““Therapy.” 


THERAPY 


There are three fundamental types of rat or 
mouse leukemia which can be used in assaying the 
anti-leukemic effect of therapeutic agents—spon- 
taneous, induced, transplanted. The spontaneous 
disease is more the counterpart of human leukemia 
than are the other two types. For various reasons, 
however, it has not been used in routine testing. 
First, an extremely large colony of animals is nec- 
essary to obtain a sufficient number of test ani- 
mals; second, there is considerable variation in 
survival from case to case within even inbred 
strains; and third, the date of origin of the disease 
is uncertain, since the external manifestations of 
leukemia might not bear an exact time relation to 
the onset of malignant transformation. However, 


patients are treated only after the clinical onset of 
leukemia, and, if comparable material were to be 
used for experimental study, spontaneous mouse 
leukemia should be tested. 

In the case of induced leukemia, agents might 
be assayed for effectiveness in two ways: first. to 
test their effect on inhibiting leukemogenesis: 
second, to test their ability to increase survival 
time once the disease has appeared. Induced 
leukemia has been used only infrequently to test 
agents (estrogens, androgens, x-rays) for either 
their anti-leukemogenic action (35, 58, 66)3 or 
their effect on the established leukemic cell. 

Transplanted leukemia is generally used in 
screening programs (39). It must be recognized 
that the transplanted leukemia is quite different 
from either the induced or spontaneous disease, 
in that the cells of the leukemic animal did not 
undergo their malignant transformation in the 
host, but are the progeny of cells which were ma- 
lignant when introduced. Upon considering that it 
has been possible to immunize against trans- 
planted, but not spontaneous, leukemia (80, 84), 
it should be realized that the leukemic cells of the 
two types of disease may be quite different. 
Transplantation may certainly affect the iso- 
antigenic character of the leukemic cell. 

After inoculation of leukemic cells a latent 
period exists before the animal may be considered 
leukemic—that is, a period before the inoculated 
leukemic cells have set up generalized foci of pro- 
liferation. Or, if a local tumor of lymphocytes is 
used for testing, as in the case of any other tumor, 
a latent period exists prior to the establishment of 
the tumor-host relation of the successful graft. 


Although delaying or inhibiting the develop- 
ment of transplanted leukemia by instituting 
treatment within 1-4 days after transplantation 
may have significance, and although drugs demon- 
strating this effect have usually had the greatest 
effect upon human lesions, it must be recognized 
that inhibiting transplanted mouse leukemia 1s a 
far cry from successfully treating spontaneous 
mouse leukemia, not to mention human leukemia. 


If an agent shows no inhibitory action against 
only certain transplanted mouse leukemias, this 
does not necessarily constitute evidence of its gen- 
eral ineffectiveness. Tremendous biological differ- 
ences exist between the different transfer lines. 
Myeloid leukemia responds to certain drugs, 
lymphoid to others. It is encouraging that urethan 
and potassium arsenite, which are considered to 
influence human chronic myeloid leukemia, affect 


3H.S. Kaplan and A. Kirschbaum, unpublished observa- 
tions. 
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primarily the myeloid leukemias of mice, and simi- 
larly, the folic acid antagonists influence the acute 
lymphoid mouse leukemias (63). The essential 
fndings of experimental therapy using trans- 
planted leukemia are given below. . 

Radiomimetic drugs (nitrogen mustards, colchi- 
cine, urethan, alpha- and beta-peltatin, podophyl- 
lotoxin). —Administration of this group of chemi- 
cals results in profound cytological alterations mm 
hoth normal hemopoietic tissue and malignant 
cells arising from this source. The question has 
heen raised concerning the extent to which the ac- 
tion of these agents is direct, or mediated by way 
of the pituitary-adrenalcortical mechanism (5), 
since these agents are so much more effective on 
lymphoid than other tumors. A nonspecific nox- 
ious stimulus may induce regression of a trans- 
planted lymphosarcoma (8). Retardation or regres- 
sion of growth of lymphosarcoma 6C3HEDP was 
induced in either intact or adrenalectomized ani- 
mals by the administration of one of the nitrogen 
mustards or urethan (6). Cortisone does, however, 
inhibit the growth of certain transplanted lymph- 
oid tumors. Inhibition of growth may be obtained 
only with relatively large doses which are not 
compatible with extended survival (18). Fasting 
induced hypoplastic alteration in normal lymph- 
oid organs only in the presence of the adrenals, 
whereas transplanted malignant lymphoid tissue 
was affected in adrenalectomized animals as well, 
indicating its independence of adrenal cortical 
control (1). 

Increase in the survival time of mice with 
transplanted mouse leukemia was obtained with 
only certain of the nitrogen mustards, others be- 
ing completely ineffective, indicating the chemical 
specificity of these agents (17). 

Complete regression of a transplanted lympho- 
sarcoma resulted from the administration of col- 
chicine (9). In earlier experiments in which a col- 
chicine-treated lymphosarcoma regressed, recur- 
rence appeared and refractoriness to the drug de- 
veloped (77). Not all mouse lymphosarcomas are 
sensitive to the action of this drug.! 

Although urethan retards the development of 
certain transplanted myeloid, but not lymphoid, 
neoplastic growths of F strain mice (63), the ef- 
fect in other strains of mice and rats is not con- 
fned to myeloid transfer lines (70, 90). Fully de- 
veloped transplanted leukemia with widespread 
infiltration was not favorably influenced from the 
standpoint of survival.' The high white blood cell 
count dropped remarkably, the leukemic myeloid 
cells of the tissues showed a “shift to the right,” 
and fewer mitotic figures were present (64). In 
affecting the normal hemopoietic tissues of the 


mouse and rat the lymphoid are more sensitive 
than the myeloid (47). 

Temporary alkalosis follows urethan therapy. 
Administration of sodium bicarbonate and am- 
monium chloride to affect the acid-base balance 
temporarily did not alter the anti-leukemic effect 
(108). The effect of urethan on transplanted mouse 
leukemia is highly specific. Any change in the 
molecule either destroys or lessens the anti- 
leukemic action (106). 

When carbonyl-labeled urethan was adminis- 
tered to both normal mice and animals with either 
leukemia or mammary cancer, the latter group 
retained more radioactivity in all tissues (13). 
There was a specific fixation of carbon for two 
groups in the urethan molecule to sperm, which 
has a high DNA content, suggesting that this com- 
pound combines with nuclear material (15). 

Folie acid antagonists.—Following the report of 
effectiveness of folic acid antagonists in inducing 
remissions in human child3ood leukemias, the in- 
hibiting effects of these drugs were tested on trans- 
planted mouse leukemias. If treatment is begun 
within 4 days after transplantation, the develop- 
ment of certain lines is delayed, whereas others 
are not affected (15, 63, 74). 

Perhaps of more significance than the limited 
clinical benefits of therapy is the evidence that 
there develops a refractoriness of the leukemic cell 
per se to treatment. Sublines of transmitted leu- 
kemia were made resistant by passage for several 
generations through treated mice (19, 72). This 
resistance remained unchanged in thirty passages 
through treated animals (72). Morphologically, 
the sublines remained the same. Resistance to 
one 4-amino analog implies resistance to all, al- 
though the cells remain sensitive to the action of 
competitive antagonists of other chemical struc- 
ture and to anti-leukemic agents such as alpha- 
peltatin. 

Concentrations of folic acid antagonists which 
inhibit the growth of a susceptible subline are 
essential for the growth of variant sublines, in- 
dicating ““dependence.”’ Morphology, antigenicity, 
and transplantability of the transformed (resist- 
ant) and untreated sublines of resistant cells were 
similar (72). 

The resistance of the leukemic cells to folic acid 
antagonists appears to be a stable and irreversible 
change. Either genetic mutation is induced with 
resultant resistant forms developing, or the sus- 
ceptible cells of a varied population of leukemic 
cells are eliminated by treatment, the resistant 
forms being left behind to propagate the constitu- 
ents of the resistant subline (72). 

Refractoriness to potassium arsenite therapy 
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of a transplanted mouse myeloid leukemia could 
be induced by treatment of the host with the drug 
prior to transplantation of leukemic cells. The 
host rather than the leukemic cell was responsible 
in this case for resistance to drug treatment. The 
possibility that the leukemic cells participate in 
this “‘fastness”’ has not been eliminated, although 
cells which have been passed through seven gen- 
erations of treated hosts continue to respond to 
arsenic therapy.’ | 

Hormones.—The growth of one line of mouse 
lymphosarcoma was retarded by the administra- 
tion of cortisone (48). In another transfer line no 
increase in survival time was observed, but with 
12.5 wg. given 8 times daily no leukemic infiltra- 
tions occurred (18). The white blood cell counts of 
leukemic mice dropped in conjunction with corti- 
sone treatment; ACTH was less effective. The 
Murphy lymphosarcoma grew to a larger size in 
adrenalectomized than in intact rats; cortisone 
inhibited its growth if treatment was begun soon 
after transfer.2 Compounds F, A, and cortico- 
sterone, as well as cortisone, each reduced the rate 
of growth of a transplanted mouse lymphoid tu- 
mor (120). Androgenic hormone inhibits the leuke- 
mogenic action of estrogenic hormone (38) and 
x-rays (35, 58). 

Radiation.—Secondary effects of x-radiation 
were apparently involved in the inhibition of 
growth of a transplanted mouse lymphoid neo- 
plasm (50). The effect obtained was maximum if 
the whole body as well as the tumor was radiated; 
radiation of the body exclusive of the tumor did 
not induce tumor regression. Administration of 
radioactive colloidal gold intraperitoneally results 
in the prolongation of life in certain transfer lines, 
but the distribution of gold is such (greatest 
amount in liver and spleen, relatively little in 
lymph nodes and bone marrow) that optimum 
radiation of leukemic infiltrations is not obtained.? 
The uptake of radioactive phosphorus by lym- 
phomatous tissue is greater than by other tissues 
(102). Radioactive sodium, on the other hand, is 
not concentrated selectively in tumorous lymphoid 
tissue and is probably of no potential therapeutic 
value (28). 

Retardation or inhibition of growth of trans- 
planted leukemia and/or lymphosarcoma has been 
achieved by miscellaneous methods: injection of 
heterologous antibodies (94), ingestion of benzene 
(29), intravenous administration of aqueous sus- 
pensions’ of carcinogenic hydrocarbons (111), 
subjecting host to low body temperature (27), in- 
travenous vaccinia (117), injection of testicular 
extract (3), pyridoxine and riboflavin deficiency 
(113, 114), injection of 8-azaguanine (60, 61, 71). 


The significance of these experiments is at present 
difficult to assess. 


SUMMARY 


1. Morphologic types of lymphoblastoma simy. 
lating those seen in man appear in rodents. 

2. Interaction of genetic and extrinsic factors 
determine the time of appearance and type of 
lymphoblastoma. A nongenetic factor contribyt. 
ing towards resistance is transmitted from mother 
to offspring and may be supplied before birth or 
by nursing alone. Susceptibility to the develop- 
ment of “‘spontaneous” leukemia is not deter- 
mined by genes identical with those involved in 
reactions to leukemogenic agents such as ionizing 
radiations, carcinogenic hydrocarbons, and estro- 
genic hormones. Specific genes may control sus- 
ceptibility to each leukemogen. Leukemogenic 
agents may act synergistically in strains of mice 
susceptible to the independent action of each 
agent. 

3. Leukemic cells of certain transfer lines may 
harbor a virus which is not an etiologic agent for 
leukemia, but which causes an illness hastening 
death from leukemia and alters the antigenicity of 
cells or the immune reaction of the host. Prelimi- 
nary experiments have suggested that noncellular 
extracts of either leukemic tissue or of embryonic 
cells from a high leukemia strain may cause leu- 
kemia to appear “spontaneously”’ if injected into 
mice of a low-leukemia strain. Freezing and ly- 
ophilization of mouse leukemic cells render them 
inactive for transmitting leukemia. 

4. Estrogen favors, androgen inhibits leuke- 
mogenesis in mice in certain situations. The leuke- 
mogenic effects of both x-rays and carcinogenic- 
hydrocarbons may be potentiated by estrogenic 
hormone. 

5. Susceptibility to the development of mouse 
leukemia may represent a property of the thymus, 
which serves not only as a primary locus for the 
development of the disease, but may influence its 
genesis In some unknown manner. 

6. A humoral factor may be involved in the de- 
velopment of x-ray—induced leukemia: Radiation 
of the thymus alone, or of the whole body except 
the thymus, did not result in the induction of thy- 
mic tumors in animals which develop such neo- 
plasms following whole body radiation. Since 
shielding of an extremity reduced the incidence of 
x-ray—induced thymoma, it appears that nonir- 
radiated tissue may inactivate a humoral factor 
produced by radiation. 

7. In astrain of mice susceptible to a particular 
leukemogenic agent, the younger the animal is al 
the time of exposure, the more the susceptibility 1s 
enhanced. 
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3. Nutritional factors such as caloric restriction 
or cystine deficiency may delay the development 
and reduce the incidence of spontaneous or carcin- 
ogen-induced leukemia. Pyridoxine or riboflavin 
jeficiency are associated with the inhibition of 
growth of certain transplanted lymphosarcomas. 
It has been postulated that guanine 1s essential for 
the growth of neoplastic cells and that the growth 
of certain lymphosarcomas may be inhibited by 
the administration of 8-azaguanine, a guanine 
analog. The inhibitory effect of folic acid analogs 
on transplanted leukemia is attributed to inter- 
ference with folic acid metabolism resulting in 
diminished nucleic acid synthesis. 

9. Genetic factors control the transplantation 
of leukemic cells. The malignant transplantable 
elements are only the lymphoblastic round cells 
and not mesenchymal stromal elements. Antigen- 
antibody reactions may be involved in transplant- 
ability, since the gene presumably controls im- 
munologic physiology. Homologous and heterolo- 
gous immune sera may inactivate leukemic cells 
invitro. Cytoplasmic constituents of leukemic cells 
are more highly antigenic than nuclei. Temporary 
growth of leukemic cells in foreign strains may be 
accelerated or inhibited by multiple prior injec- 
tions of frozen, lyophilized tissue. Heterologous 
transplantation of leukemic cells can be accom- 
plished by previous radiation of the foreign host, 
but not by moculation into the anterior chamber 
of the eye. Humoral factors passing from normal 
to radiated rats joined by parabiosis may nullify 
radiation-induced susceptibility. Immunity to- 
wards transplanted leukemia can be passively 
transferred by inoculation of spleen or liver of im- 
mune animals. Resistance to homologous trans- 
plantation of leukemic cells may be overcome by 
inoculation of large doses of cells into very young 
animals. 

10. Various agents may inhibit or delay the 
growth of certain lines of transplanted leukemic 
cells. Among these are “radiomimetic drugs,”’ folic 
acid antagonists, cortical hormones, ionizing radia- 
lions, trivalent arsenic, benzene. Although the 
most active agents are those which have given the 
most encouraging clinical results, transplanted 
leukemia as generally used can at most be con- 
sidered a helpful but not a critical testing medium. 
Vide variation exists in the response of different 
lines of leukemic cells to the same agent. Of great- 
est significance are the studies on refractoriness of 
leukemic cells and host to drug therapy. 
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Gastric Absorption of 3,4-Benzpyrene 


I. The Effect of Physiological Processes on Absorption 


Pentti ErMALA, Kat SETALA, AND PER EKWALL 


(Department of Anatomy and Department of Roentgenology, Second Medical Clinic, University of Helsinki, 
and the Institute of Physical Chemistry, Abo Akademi, Finland) 


Adenocarcinoma of the glandular region of the 
stomach has not been induced by feeding the fat- 
soluble carcinogenic hydrocarbons to mice and 
rats, although carcinoma of the forestomach 
and/or of the small intestine may occur (1, 4, 23, 
98). It has been suggested that the glandular 
mucosa of the stomach is relatively resistant to 
tumor induction and that there may exist a “pro- 
tective mucous barrier’ which prevents contact 
between the carcinogen and the mucosal cells 
(2,5, 11, 13, 15, 16, 28, 30). However, the glandu- 
lar mucosa is susceptible to the action of carcino- 
genic agents when introduced directly into the 
wall of the stomach (12, 22, 29). In addition, gas- 
tric adenocarcinomas are reported to be induced 
by feeding heated lipids (6, 20, 21, 31), although 
similar experiments by others have failed (2, 15). 

In a study of experimental gastric carcinogen- 
esis, the gastric absorption of carcinogenic hydro- 
carbons requires investigation. The role of the 
stomach in digestion and the differences between 
gastric and intestinal absorption, as well as the 
various factors influencing these processes, have 
been largely neglected in the study of experimental 
gastric carcinogenesis. 

It has been shown previously (24, 25) that 
}4-benzpyrene in certain vehicles penetrates the 
various coats of the stomach. Also, the fluorescent 
constituents of tobacco tar are absorbed in the 
gastromtestinal tract (27). 

In the present study the absorption of 3,4-benz- 
pyrene in normal mice and cats has been investi- 
gated in different parts of the gastrointestinal 
tract, taking into account the physiologic back- 
fround of absorption of ingested material. 


MATERIALS AND METHODS 
_ the rate of absorption of 3,4-benzpyrene (BP) 
‘Kastman Kodak Co., Rochester, N.Y.) in various 
‘olvents, after gastric instillation, was studied by 
‘etermining the blue fluorescence of the material 
with the fluorescence microscope technic (Reichert 
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Lux UV with a Philora HPW 125-watt mercury 
vapor lamp). The intensity and the penetration 
power of the blue fluorescence was estimated by 
using an arbitrary gradation (cf. Fig. 2). However, 
spectroscopic estimations were not made, and 
therefore it is unknown whether the blue fluores- 
cence in the tissues depends on unchanged BP or 
on its blue fluorescent metabolites. Bearing this in 
mind, reference is made only to the absorption 
of BP in the present work. 

About 600 healthy adult stock mice of both 
sexes, employed for several years in our studies, 
were used. Some experiments were conducted with 
C3H mice with similar results. Additional investiga- 
tions were carried out with young cats, weighing 
250-350gm. All theanimalswere kept undersimilar 
laboratory conditions, and the diet was sufficient 
and balanced, particularly with respect to vita- 
mins A and B. No pathologic changes, including 
spontaneous tumors, were encountered. The ani- 
mals fasted at least 12 hours before administration 
of BP, as well as during the entire experiment. 
Thus, the stomach was nearly empty, and dilu- 
tion of the solutions instilled was prevented, ex- 
cept that due to the normal gastric secretion. The 
amount of solutions administered by stomach 
tube was 0.2 cc. per mouse and 2.0 ce. per cat. The 
animals were killed by decapitation 5, 15, 30, or 60 
minutes, or 24-48 hours after feeding. The or- 
gans, after fixation in 10 per cent neutral formalin 
solution (from 1 to 10 hours), were cut on the 
freezing microtome at 10 uw thickness, mounted in 
anhydrous glycerol, and examined (at least 5 
hours after autopsy). Control observations were 
made on unfixed and unmounted specimens. Im- 
mersion of the organs in the fixative solution for 
less than about 10 hours produced no essential 
changes in the localization and in the intensity of 
the blue fluorescence in the tissues. Other speci- 
mens were imbedded in paraffin and stained in 
the usual manner for comparison. 

Because carcinogenic hydrocarbons are fat- 
soluble, it seems likely that the mechanism of their 


753 


ee 
| 
| 
ey 
i 
~ 
goign 
8 
‘ 
NS er 
‘ 
= 
& 
is 
% 
re 


754 Cancer Research 


absorption is linked to that of lipids in general. The 
following vehicles were used: (a) natural fats: olive 
oil and arachidis oil; (b) natural fats, emulsified in 
natural ox bile, with controls of (c) natural ox bile 
only; (d) lecithin, representing natural phospha- 
tides. Parallel experiments were made using (e) un- 
saponifiable light petrolatum and (f) emulsions of 
light petrolatum stabilized with Aerosol OT, or 
with sodium taurocholate (17). In addition, a 
great number of substances (g), possessing simul- 
taneously lipo- and hydrophilic properties, were 
examined, both in aqueous and in nonaqueous 
solution (8, 24, 25). The physico-chemical prop- 
erties are discussed in the following report (7). 

The BP concentration varied from 0.5 to 0.01 
per cent, owing to the differences in the solubility 
of BP in various solvents. For adequate compari- 
son, results have been corrected to standard con- 
ditions. 

To determine the possible importance of indi- 
vidual variation in the amount of gastric secretion 
to the rate of absorption, histamine experiments 
were carried out: 0.2 ce. of histamine solution, con- 
taining 0.5 mg. of histamine hydrochloride pro 
dosi, was injected subcutaneously in mice every 
15 minutes during this experiment. 


RESULTS 


STOMACH OF THE MOUSE 


Only the most important observations made on 
the blue fluorescence in the wall of the mouse 
stomach 30 minutes after gastric instillation of 
BP invarious mediators are presented in the follow- 
ing (cf. Figs. 1, 2, for orientation). 

Glandular stomach.—BP, dissolved in natural 
fats or in light petrolatum, did not cause any 
visible blue fluorescence in the glandular mucosa, 
either in the highest concentration (0.5 per cent) 
used, or when the animals were killed after 6 
hours, during which time only a comparatively 
small amount of the fat solution had entered the 
intestine, and thus the surface of the glandular 
mucosa had been in close contact with the BP 
solution all that time. These results agree with the 
observations made in feeding experiments which 
have failed to produce adenocarcinomas, and in 
which natural fats have been mainly employed as 
solvent for the hydrocarbon. 

With all the other vehicles, signs of absorption 
of BP were observed in varying degrees. The in- 
tensity of fluorescence as well as the penetration 
power varied considerably in different groups, but 
the blue fluorescence was qualitatively similar in 
all cases. 

BP, dissolved in natural fats (e.g., in arachidis 
oil) and emulsified in natural ox bile, caused a 


distinct blue fluorescence in the most Superficial 

a 

layer of the glandular mucosa. The same phenom. 
enon was observed when lecithin was used. 

Emulsions of light petrolatum are, in contrast 
to plain light petrolatum, able to penetrate the 
most superficial layer of the glandular mucosa. 
However, the blue fluorescence disappeared rapid. 
ly in these cases. 

In general, the fluorescence intensity was greatest 
at the mucous surface, becoming gradually weaker 
deeper in the stomach wall (cf. Fig. 2). BP seemed 
to penetrate comparatively rapidly to a certain 
depth which is characteristic of each vehicle: after 
about 30 minutes the depth of penetration jp. 
creased only insignificantly, indicating that fur. 
ther transport of the fat-soluble BP is slow. The 
depth of the penetration did not depend on the 
actual thickness of the glandular mucosa; in re- 
gions in which the thickness of the wall was less. 
all layers of it had taken up blue fluorescent ma- 
terial, while in the thicker regions of the same 
stomach only the equal superficial layers were 
fluorescent. In several cases the wall of the pyloric 
region was thinner than that of the others. In 
cases in which the whole mucosa had absorbed 
BP, there appeared to be a well developed net- 
work in the muscle layers (24). A similar structure 
existed in the corresponding part of the fore- 
stomach as well (Figs. 3 and 4). There were great 
differences in penetration power among various 
solvents (25). 

The nuclei were free of fluorescent material. | 
There were no noticeable differences in the intra- 
cytoplasmic distribution and localization of BP in 
various cell types; intracytoplasmic fluorescent 
granules were not noted (Fig. 5). 

A strong mucigenic action, most probably of a 
local nature, was observed in connection with 
sodium cholate, sodium taurocholate, and sodium 
myristyl sulfate. Some of the earlier authors have 
explained that the limited gastric absorption may 
partly depend upon the so-called washing effect 
of the gastric secretion. However, a strong secre- 
tion, induced artificially by histamine administra- 
tion, weakened the penetration power of the 
vehicles only slightly. 

When BP, solubilized in aqueous solution, was 
given as a single application, the blue fluorescence 
disappeared from the glandular mucosa in about | 
30-45 minutes; but when given in anhydrous 
lipohydrophilic substances with a strong penetra- 
tion ability (e.g., polyethylene glycols, Tritons) 
the time of disappearance was 6 hours. 

Forestomach.—BP, dissolved in any of the 
vehicles studied, easily penetrated the wall of the 
mouse forestomach (Figs. 2, A—D, 3, and 4), a 
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previously described (24). Similar observations 
vere made on the esophagus and the ridge between 
he forestomach and the glandular stomach (Fig. 
1), both of which are also lined with squamous 
epithelium. In general, the blue fluorescence dis- 
sppeared from the forestomach wall, in 24-48 
hours. All the results are compatible with the ob- 
ervations made in feeding experiments in which 
‘ymors developed only in the forestomach (1, 4, 
93, 28). 
STOMACH OF THE CaT 

Experiments were made on cats, because the 
aat’s stomach rather closely resembles the human 
stomach both anatomically and physiologically. 

The results were essentially similar to those 
obtained in experiments with mice (Figs. 6 and 7). 


INTESTINE OF MICE AND Cats 


Absorption of the blue fluorescent material 
tom the lumen of the intestine was, in general, 
imilar in mice and cats. BP dissolved in various 
fats, emulsions, and in the simultaneously lipo- 
and hydrophilic substances easily penetrated the 
tissues of this segment of the alimentary canal. A 
very strong BP fluorescence was seen intracyto- 
plasmically in the structures of the wall of the 
mall intestine (Figs. 8 and 9) and in that of the 
large intestine. 

Differences in penetration power among the 
various types of vehicles for BP corresponded to 
well known physiologic principles. 


TuHoracic Duct or MICE AND Cats 


After instillation of BP into the gastrointestinal 
tract, blue fluorescent material was seen in the 
contents of the mesenterial lymphatics, and in 
lymph of the thoracic duct in connection with all 
types of vehicles used. 

In addition, we have reported in another con- 
nection that at least a considerable part of in- 
‘tilled BP is carried further by the chylomicrons 
f the blood (26). As is known, the water-insoluble 
iimentary fats in the blood are transported as 
thylomicrons, the composition of which varies de- 
pending on several factors (9). 


DISCUSSION 


Gastric absorption was studied earlier chiefly 
by ligating the pylorus and, after a variable period, 
y withdrawing samples of stomach contents and 
't blood. However, in experiments on mice, the 
uistologie technic may be the most suitable one, 
cause operative procedures change the physio- 
logic conditions in the stomach. In addition, the 
istologic method has the advantage of following 
the absorption directly in the stomach wall, which 


is the actual problem. The word “‘absorption” has 
here been used in its broadest sense, including pas- 
sive penetration. Although the limits of the sensi- 
tivity of fluorescence microscopy as used in the 
present work are not fully known, it is certain 
that this technic is considerably more accurate 
than those previously used. 

As recorded in Fig. 2 D, BP dissolved in plain 
fats or in light petrolatum did not cause any 
visible blue fluorescence in the glandular mucosa. 
This is understandable, because little or no fat 
is absorbed by the stomach wall under normal con- 
ditions (cf. 3, 14, 19). 

First, after being emptied into the small intes- 
tine, alimentary fat comes in contact with the 
bile, one of the most important factors in fat ab- 
sorption. The sodium salts of the bile acids are 
able to make fat-soluble substances (18, 32), in- 
cluding carcinogenic hydrocarbons (8), water- 
soluble. According to the lipolytic theory of fat 
absorption, fat, before absorption, is enzymatical- 
ly hydrolyzed into split products, which are water- 
soluble. However, according to the fat partition 
theory (10), a certain amount of fat, associated 
with bile salts and some hydrolytic products, is 
absorbed directly in insoluble form; the size of the 
fat particles must be less than about 0.5 u (cf. 9). 

However, conditions in the intestine and in the 
unchanged stomach are not comparable—prac- 
tically no emulsifying or lipolytic agents occur in 
normal stomachs. Under certain pathologic condi- 
tions, e.g., hypochlorhydria or achlorhydria, gas- 
tric absorption of fat-soluble substances would, 
however, be possible. Though it is unknown how 
often regurgitation of the contents of the duode- 
num into the stomach occurs in the so-called pre- 
carcinogenic period of gastric carcinogenesis, it 
has been considered a possible contributory agent 
in the genesis of gastric cancer. In addition, Ivy 
(13) observed that the pyloric mucosa and some- 
times the mucosa along the lesser curvature—1.e., 
in those regions in which about two-thirds of gas- 
tric carcinomas occur—was stained yellow with 
bile pigment when the contents of the duodenum 
were present in the stomach. 

It appeared in the present work that BP, dis- 
solved in fats and emulsified in natural bile, as 
well as solubilized by some bile salts or in syn- 
thetic bile, caused a distinct penetration into the 
superficial layer of the wall of the glandular stom- 
ach. Furthermore, BP, solubilized both in aque- 
ous and in nonaqueous synthetic vehicles, possess- 
ing simultaneously lipo- and hydrophilic prop- 
erties (cf. 24, 25), is easily absorbed by the glan- 
dular mucosa of the normal stomach in mice and 
cats. All the substances mentioned above have a 
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common characteristic: they are able to bring the 
fat-soluble carcinogenic hydrocarbons into aqueous 
solution. The physico-chemical properties of the 
vehicles used are reported in the following paper 
(7). There is no real basis for the postulated ‘‘mu- 
cous barrier” to absorption of carcinogenic hy- 
drocarbons in the stomach. 

It is not sufficient that the carcinogens are ab- 
sorbed by the stomach wall. The agents must re- 
main 2n situ for some time before tumors develop 
(cf. 11). However, it was noted in the present in- 
vestigation that the blue fluorescence of the in- 
gested material disappeared from the normal glan- 
dular mucosa during a time which evidently is too 
short to induce adenocarcinomas of the stomach. 
It seems plausible, however, that gastric adeno- 
carcinoma could develop in a stomach which is 
pathologically altered, since this would provide an 
entry for some fat-soluble carcinogens (e.g., 
‘heated lipids’). Thus, though the significance 
of chronic atrophic gastritis in gastric carcinogen- 
esis has not been established with certainty, it 
may be said that a great bulk of gastric carcinomas 
in man arises from gastritis. Because the intestinal 
wall, physiologically, and the coat of the normal 
stomach in the presence of certain solvents absorb 
the fat-soluble carcinogen (cf. Figs. 5, 6, and 8), it 
can be expected a priori that the altered, newly 
formed coat of the gastritic stomach will also re- 
semble the actual intestinal lining when factors 
participating in the absorption of fat-soluble sub- 
stances are present. In addition, it is understand- 
able that owing to the alterations in the structure 
of the wall of the gastritic stomach (together with 
the general weakness of the lacteal system in it) 
the carcinogen could not be further transported 
as easily as it could following absorption by the 
intestine. It may be that gastric adenocarcinoma 
occurs in a stomach in which there is a “functional 
and anatomic intestinalization.”’ Certain clinical 
observations strongly support this assumption. 

Investigations, planned along the principles 
presented above, are now in progress. 


SUMMARY 


Gastric absorption of 3,4-benzpyrene in mice 
and cats was investigated following gastric in- 
stillation of a single dose of the hydrocarbon, 
taking into account the physiologic knowledge of 
absorption of ingested material in different parts 
of the gastrointestinal tract. The rate of absorp- 
tion was determined directly in the wall of the 
normal stomach with fluorescence microscopy. 

No signs of absorption by the gastric glandular 
mucosa were observed after administration of the 
hydrocarbon in natural fats or in liquid petro- 


latum. These results are in agreement with the ob. 
servations made in feeding experiments in whic 
adenocarcinomas were not produced when fats 
were used as solvents for the carcinogen. 

On the contrary, benzpyrene was able to pene. 
trate into the glandular mucosa of the stomach 
when dissolved in fats or in light petrolatum anj 
emulsified in natural bile or solubilized by son, 
bile constituents (both natural and _ synthet 
ones). 

A strong absorption occurs when synthetic sy). 
stances possessing simultaneously certain lipo- and 
hydrophilic characteristics, with the aid of which 
carcinogenic hydrocarbons are _ brought int) 
aqueous solutions, are used as vehicles for the 
hydrocarbon. It is of great significance that these 
substances have certain common properties with 
bile. However, the blue fluorescence disappears 
comparatively rapidly from the glandular mucosa 
of the normal stomach. 

The results have been discussed with particular 
reference to some physiologic facts and pathologic 
alterations in the stomach. 
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Fic. 1.—Section of the mouse stomach: left, forestomach 
lined with squamous epithelium; right, glandular stomach— 
separated from one another by the ridge composed of squa- 
mous epithelium. (Hyperkeratotic changes caused by longer 
carcinogen treatment in this case.) H. van G. X30. 


Fic. 2, A-D.—Diagrammatie representation of the wall of 
the mouse stomach, illustrating the fluorescence intensity and 
the penetration ability 30 min. after gastric instillation of BP 
in various vehicles. A, Penetration depth about 0.45/0.60 mm 
(e.g., anhydrous polyethylene glycols, Tritons) (ef. Figs. 3-5). 
B, Penetration depth about 0.15-0.30/0.60 mm. (C, Pene- 
tration depth about 0.15/0.60 mm (e.g., fat constituents, or 
lecithin). D, No visible blue fluorescence in the glandular 
mucosa (natural fats, light petrolatum). 


Fic. 3.—(Figs. 3-6 and 8 are unstained frozen sections 
photographed in UV light 30 min. after gastric instillation 
of BP.) 

Lipo-hydrophilic Carbowax 1,500. The keratinized layers 
as well as the stratified epithelium of the mouse forestomach 
are strongly fluorescent with a dazzling white tinge; in the 
muscle layer is a network containing blue fluorescent ma- 
terial. 


Fic. 4.—The ridge of the mouse stomach. Anhydrous 
Triton. X 116. 


Fig. 5.—Glandular mucosa of the mouse stomach. Lipo- 
hydrophilic polyethylene glycol 200. The gland cells have 
taken up blue fluorescent material. Nuclei contain no fluores- 
cent material. Mucus has also taken up fluorescent material. 
< 110 (ef. especially Fig. 8). 


Fig. 6.—Cat stomach. Lipo-hydrophilic Carbowax 1,500. 
White fluorescence in all layers of the glandular mucosa. 
Mucus has also taken up fluorescent material. 110 (ef. 
igs. 5 and 8). 

Kia. 7.—Cat stomach. Gomori stain. X75. 


Fic. 8.—Small intestine of the cat. Arachidis oil. The cells 
of the lining of the intestinal villi have taken up strongly 
(blue) fluorescent material. Nuclei contain fluorescent 
material. X 120. This finding fully corresponds to the physio- 
logic absorption mechanism in the small intestine (cf. Figs. 
5 and 6). 


Kia. 9.—-Small intestine of the eat. Gomori stain. * 120. 
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Gastric Absorption of 3,4-Benzpyrene 


II. The Significance of the Solvent for the Penetration 
of 3,4-Benzpyrene into the Stomach Wall 


Per Kat SETALA, 
AND Lars SjJOBLOM 


(Institute of Physical Chemistry, Abo Akademi, Abo, and the Departments of Anatomy and Roentgenology, 
Second Medical Clinic, University of Helsinki, Helsingfors, Finland) 


We have systematically studied the significance 
of the nature of the solvent for the penetration of 
3,4-benzpyrene into the stomach wall. Efforts 
were particularly made to elucidate the signifi- 
cance of the lipophilic and hydrophilic properties 
of the solvent and of the balance between these 
properties. 

In these studies a large number of solvents were 
employed for the administration of 3,4-benzpy- 
rene. The solutions of the hydrocarbon were in- 
stilled into the stomachs of mice and cats and the 
rate of the absorption of the fluorescent carcinogen 
determined directly in the wall of the stomach in 
the manner described in the first paper of this 
series (7). The intensity of fluorescence in the wall 
of the glandular stomach was estimated by using 
an arbitrary gradation (Fig. 2, preceding paper). 


EXPERIMENTAL RESULTS 


STOMACH OF THE MoUSE 


Anhydrous solvents.—Table 1 contains the re- 
sults of experiments in which nine anhydrous sol- 
vents of different chemical composition were 
employed. 

Forestomach.—When administered in the sol- 
vents given in Table 1, benzpyrene easily pene- 
trated the wall of the mouse forestomach. The 
results indicate that the type and properties of 
the solvent in which BP is dissolved have no in- 
fluence on the penetration into the wall of the 
forestomach. The results given in Tables 2-4 con- 
firm this opinion and show that BP also penetrates 
into the forestomach when solubilized in aqueous 
solutions of association colloids or when dissolved 
in water-oil emulsions. 

Glandular stomach.—The properties of the sol- 
vent are, however, decisive for the penetration of 
the hydrocarbon into the walls of the glandular 
portion of the stomach. With respect to the ability 
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of the solvent to bring about penetration, one can 
divide the solvents into three groups. 

a) Solvent group 1: After the feeding of BP dis. 
solved in solvents of this group, no blue fluores. 
cence was observed in the glandular wall. To this 
group belong markedly lipophilic substances such 
as paraffin oil and the triglycerides of fatty acids 
(Fig. 2 D, preceding paper). 

b) Solvent group 2: Following the feeding of 
BP dissolved in solvents of this group, a fluores- 
cence was observed only in the outermost layer of 
the glandular mucosa (Fig. 2 C, preceding paper). 
The substances belonging to this group, oleic acid 
and oleyl alcohol, are mainly lipophilic but also 
contain clearly hydrophilic groups. 

c) Solvent group 3: The feeding of BP dissolved 
in solvents of this group resulted in a penetration 
of the fluorescent material not only into the super- 
ficial layers but also to a greater depth into the 
wall of the glandular mucosa (Fig. 2 A, 2 B, pre- 
ceding paper). The main representatives of this 
group are the polyethylene glycols (Carbide and 
Carbon Chemicals Corp., New York, N.Y.) and 
the association colloids (the nonionic alkyl ary! 
polyether alcohol ‘Triton N,” the anionic sul- 
fonic acid compound “Triton 720,” Rohm and 
Haas Co., Philadelphia, Pa., and the cationic 
alkyl dimethyl benzyl ammonium chloride “Roda- 
lon,’ Rhodas Chemical Corp.). (These commer- 
cial products were used as purchased.) 

The results show that a solvent able to effect the 
penetration of BP into the glandular mucosa must 
possess, besides a lipophilic part, one or more 
hydrophilic groups of adequate strength. A 
marked penetration is observed only when the 
hydrophilic properties of the solvent predominate 
over the lipophilic properties. To obtain further 
proof for this assumption, we conducted exper! 
ments with the solvents mentioned in Table *. 
The balance between the hydrophilic and hpo- 
philic properties of these six nonionic compounds 
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(commercial products from Atlas Powder Co., tration and hence belong to solvent group 3. The 
Wilmington, Del.) varies greatly. This balance is_ latter three substances are typical nonionic asso- 
designated by a number in column 2: the lower the ciation colloids. 

value of this HLB index" (hydrophilic-lipophilic- Aqueous solutions as solvents for BP.—Table 3 
balance), the more dominant is the lipophilic char- _ indicates how far the solvents of group 3 can main- 
acter; the closer it approaches the value 20, the tain their power of promoting the penetration of 


TABLE 1 


FLUORESCENCE IN THE STOMACH WALL OF MICE 30 MINUTES AFTER GASTRIC INSTILLATION 
OF BP IN VARIOUS ANHYDROUS SOLVENTS 


GLANDULAR MUCOSA 


Conc. Depth of penetration estimated 
or BP from the mucous surface 
(per Fore- (mm.) 
Group SOLVENT cent) STOMACH 0.15 0.30 0.45 0.60 
Arachidis oil 0.5 +444 ‘ie 
2 Oley] alcohol 0.5 +++ (+) 
Oleic acid 05 ++++4+ (+) 
Alkyl dimethyl benzyl ammonium chloride, “‘Rodalon”’ 0.5 +(+) (+) 
Sulfonated polyether compound, “Triton 0.5 ++++ +4 + ome 
Alkyl aryl polyether alcohol, “Triton N” 
Polyethylene glycol, ‘‘200” 0.5 ++++ +++ rT? + 


TABLE 2 


INFLUENCE OF THE BALANCE BETWEEN THE HYDROPHILIC AND LIPOPHILIC PROPERTIES OF 
THE SOLVENT ON THE FLUORESCENCE IN THE STOMACH WALL OF MICE 30 MIN. 
AFTER GASTRIC INSTILLATION OF BP SOLUTION 


GLANDULAR MUCOSA 


Conc. Depth of penetration estimated 
or BP from the mucous surface 
HLB* (per ForeE- (mm.) 
Group SOLVENT INDEX cent) STOMACH 0.15 0.30 0.45 0.60 
Sorbitan trioleate 18 0.5 ++ — 
2 Sorbitan monolaurate 8.6 0.5 (+) 
Polyoxyethylene sorbitan trioleate 11.0 0.5 
8  Polyoxyethylene sorbitan monopalmi- 15.6 0.5 +++ (4) 
tate 
Polyoxyethylene sorbitan monolaurate 16.7 0.5 +4 +4 
Polyoxyethylene stearate 17.9 0.5 +++ ++ 
* Solvents with low HLB index are predominantly lipophilic in character, the substances with a higher index being more 
hydrophilic. 
more the balance between the hydrophilic and TABLE 8 
hpophilic properties has shifted in favor of the 
former. INFLUENCE OF THE CONCENTRATION OF THE HYDROLIPO- 
Sorbitan trioleate (HLB 1.8), which is the most PHILIC SOLVENT ON THE FLUORESCENCE IN THE STOM- 
> 


ACH WALL OF MICE 30 MIN. AFTER GASTRIC INSTILLA- 


li eye bd 
pophilic member in the series, is not able to pro TION OF BP SOLUTION 


mote the penetration of BP into the wall of the 


GLANDULAR MUCOBA 


glandular stomach. It thus belongs to solvent Depth of penetration esti- 
group 1. Sorbitan monolaurate (HLB 8.6) and = “Tatton N’* Conc. mated from the 
polyoxyethylene sorbitan trioleate (HLB 11.0) Fore- 
induce a weak penetration of BP and must hence (per cent) cent) STOMACH ae: ate he 
be — in group 2. Polyoxyethylene sorbitan : +t) + = 
monolaurate (HLB 16.7), polyoxyethylene sorbi- 
ethylene stearate (HLB 17.9) effect a strong pene- 30 0.1 +4++ +(+) (+4) - - 
“Atlas Surface Active Agents,”’ Atlas Powder Company, 20 01 H+) + 


Wilmington, 1948. * A nonionic association colloid. 
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BP into the glandular mucosa of the stomach upon 
dilution with water. 

With a constant BP content of 0.1 per cent, the 
ability of the solvent to promote the penetration 
of the carcinogen increases as the colloid concen- 
tration is decreased from 100 per cent to 20 per 


much the concentrations of BP can be reduced 
until the penetration of carcinogen is no longer ob. 
served with the experimental technic employed 
Although this has not yet been investigated, mn 
have been able to make a number of observations 
in special cases which elucidate this question. 


TABLE 4 


FLUORESCENCE IN THE STOMACH WALL OF MICE 30 MIN. AFTER GASTRIC INSTILLATION 
OF BP SOLUBILIZED IN AQUEOUS ASSOCIATION COLLOID SOLUTIONS 
OR DISSOLVED IN EMULSIONS 
GLANDULAR MUCOSA 


Depth of pene- 
tration estimated 


CoLLoip Conc. from mucous 
CONC. or BP surface 
(per (per ForeE- (mm.) 
cent) cent) STOMACH 0.15 0.30 
ine A. Aqueous solution of: 
“Triton N” 6.4 0.0215 +++ (+) 
Cety] trimethyl ammonium bromide 5 0.0215 ++4 (+) 
Sodium myristy] sulfate 20 0.04 +4 
Sodium taurocholate 70 0.06 + 
Sodium taurocholate 25 0.02 ++ (+) “ 
“Synthetic bile,” (sodium taurocholate, about 0.01 +--+ (+) ~ 
9.3 per cent; sodium oleate, 1.2 per 10 
cent; lecithin, 0.22 per cent; choles- 
terol, 0.034 per cent) 
Ox bile <0.01 
B. Aqueous emulsions of: 
Arachidis oil in ox bile aa 0.25 +4 + (+) _ 
Light mineral oil in water containing so- 0.8:9 0.1 +44 (+) _ 
dium taurocholate, glyceryl monoste- 
arate, cetyl alcohol, pH 9 (according 
to Lorenz) 
Lecithin in water aa 0.5 ++ 4- + — 
cent by the addition of water. At least in the more TABLE & 


dilute solutions of this series we are dealing with 
solutions containing micelles in which the hydro- 
carbon is solubilized (5, 6). It was found in other 
experiments that the degree of dilution is of no 
great importance when the BP concentration is 
high. | 

Table 4 A contains some results obtained with 
aqueous solutions of different association colloids. 
They are not in all cases strictly comparable, since 
the BP concentration could not be kept constant 
because the solutions differed greatly in their 
power to solubilize the hydrocarbon. Of particular 
interest are the experiments with solutions of bile 
salts and with bile. In all these a fluorescence was 
observed only in the superficial layer of the stom- 
ach wall. The reason for this weak fluorescence may 
be the low BP concentration, particularly in the 
experiment with ox bile. 

Table 4 B contains the results of experiments 
conducted with BP dissolved in the droplets of oils 
or lecithin emulsified in certain aqueous solutions. 

The significance of the BP concentration.—Ex- 
periments with aqueous solutions containing low 
concentrations of BP raised the question of how 


THE INFLUENCE OF BP CONCENTRATION ON THE 
BLUE FLUORESCENCE IN THE GLANDULAR 
MUCOSA OF MICE 30 MIN. AFTER GASTRIC 
INSTILLATION OF BP DISSOLVED IN ANHY- 
DROUS ““TRITON N” 


GLANDULAR MUCOSA 


Conc. Depth of penetration estimated from 

or BP the mucous surface 

(per (mm.) 

cent) 0.15 0.30 0.45 0.60 
0.5 +++ 44+ + 
0.4 ++ + - 
0.3 + + _ = 


As expected, these experiments show that the 
fluorescence of the tissues decreases both in the 
depth to which it extends and in intensity as the 
BP concentration in the solution is diminished. 
The lowest limit for an observable fluorescence 
varies greatly with the colloid concentration. 
Whereas with 100 per cent “Triton N” this limt 
is somewhat lower than 0.1 per cent, in 6.4 percent 
solutions (Table 4 A) it is approximately 0.02 per 
cent. From this it appears that with our method of 
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sbservation the lower limit is determined not only 
by the BP concentration but also by the state and 
type of the solvent employed. Many factors may 
contribute to this result. The fluorescence of BP 
jiffers in different solvents. The powers of the sol- 
vents to keep BP dissolved on dilution are very 
diferent (5, 6). The elimination of BP from the 
cells, by transport or in some other way, may de- 
pend on the solvent. We believe that, if the solvent 
possesses hydrophilic-lipophilic properties in the 
ratio characteristic of the substances of group 3 
and is able to keep BP in solution under the con- 
ditions prevailing in the stomach, the fact that no 
fuorescence is observed in the glandular mucosa 
at low BP concentrations does not necessarily 
mean a sudden decrease in the power of the sol- 
vent to promote the penetration. It seems more 
likely that a penetration of BP actually occurs 
hut is not observable. This probably occurs with 
the dilute aqueous solutions of many of the asso- 
ciation colloids. 


STOMACH OF THE CAT 


BP, dissolved in paraffin oil, arachidis oil, an- 
hydrous polyethylene glycol (Carbowax 1500), or 
in an aqueous solution containing 20 per cent so- 
dium myristyl sulfate, was introduced into four 
cats by stomach tube. The lipophilic solvents of 
group 1 are not able to effect a penetration of the 
fluorescent substance into the glandular mucosa 
of the stomach. ““Carbowax 1500” and the sodium 
myristyl sulfate solution induced a strong pene- 
tration in all parts of the stomach. 


DISCUSSION 


The substances of solvent group 3, which effect 
a strong penetration of BP into the glandular mu- 
cosa of the stomach, are organic compounds con- 
taining one or several markedly lipophilic hydro- 
carbon groups and one or more radicals which are 
definitely hydrophilic. In all these compounds the 
balance between these properties is toward the 
hydrophilic side. The lipophilic properties of the 
solvents make it possible for the anhydrous sub- 
stances to dissolve the carcinogen. Owing to their 
hydrophilic properties, they are miscible with 
water. Because of the combination of lipophilic 
and hydrophilic properties the carcinogen remains 
— even though the solution is diluted with 
water. 

Inanother connection (1,2,5,6) we have already 
considered the physico-chemical properties of 
these solvents and the solutions obtained when 
carcinogens are dissolved in them. Here, we only 
wish to emphasize some of the properties which 
have a direct bearing on the ability of the solvents 


to promote the penetration of the carcinogen into 
the stomach wall. 

The two main types of substances in group 3, 
the polyethylene glycols and the association col- 
loids (soaps and soaplike compounds), differ in 
their behavior when diluted with water. The power 
of the former to keep carcinogenic hydrocarbons 
dissolved rapidly diminishes when water is added. 
The lowest concentrations at which the poly- 
ethylene glycols are still able to dissolve carcino- 
genic hydrocarbons are in the neighborhood of 4—5 
per cent. But even in a 50 per cent aqueous solu- 
tion of “Carbowax 1500,” the solubility of 20- 
methylcholanthrene, for example, has decreased 
to 0.0005 per cent. Thus, when a polyethylene gly- 
col containing 0.5 per cent BP is diluted with 
water, the greater part of the carcinogen is precipi- 
tated. This explains why BP crystals are often 
observed on the surface of the mucosa when sol- 
vents of this type are employed. It may also be 
expected that the carcinogen will be precipitated 
in the tissues as a result of dilution by the water 
present. 

The situation is quite different in the case of the 
association colloids. On dilution with water they 
form micellar solutions. As is well known, the 
molecules or ions of the typical association colloids 
associate in aqueous solution to give large aggre- 
gates, micelles, in which the molecules and ions are 
arranged so that their hydrocarbon parts are situ- 
ated beside one another in the inner parts, while 
the hydrophilic groups are oriented outward 
against the water. These micelles solubilize the 
carcinogens and hold them in solution. These 
aqueous carcinogen solutions are clear and stable 
and not suspensions or emulsions (4-6). When the 
colloid concentration is reduced below the so-called 
critical concentration the micelles are broken up, 
and the solutions are no longer able to solubilize 
the carcinogen. This critical concentration, how- 
ever, is usually very low, between 0.002 and 1 per 
cent. Even at fairly high dilutions, the association 
colloids are able to keep the carcinogen solubilized 
(2 per cent solutions of “Triton N” and sodium 
myristyl sulfate, for example, dissolve approxi- 
mately 0.012 and 0.005 per cent BP, respectively). 
Owing to the high solubilizing power of these solu- 
tions, no carcinogen crystals, in general, were ob- 
served on the surface of the mucosa in the experi- 
ments in which they were used. Provided that the 
micelles are stable in the environment in question, 
there may be a lesser tendency for the carcinogen 
to precipitate in the tissues, and the probability of 
its elimination by being carried away may be 
greater. 

In our experiments we have employed repre- 
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sentatives of the three main types of association 
colloids: the cationic (with positively charged 
micelles), the anionic (with negatively charged 
micelles), and the nonionic (with electrically neu- 
tral micelles). Regardless of the type and charge 
of the micelles, both in the anhydrous form and in 
aqueous solution, the association colloids promote 
the penetration of the dissolved carcinogen into 
the glandular mucosa of the stomach. 

The anionic association colloids in which the 
hydrophilic properties are due to an anionic car- 
boxyl group (-COO~) are unstable in acid solu- 
tion. The anionic association colloids containing 
sulfate or sulfonate hydrophilic groups, on the 
other hand, form micelles that are stable in acid 
media. They maintain their power to solubilize 
carcinogens even under the acid conditions pre- 
vailing in the stomach. This is true, for example, 
with solutions containing alkyl sulfates and tauro- 
cholate (3). Cationic association colloids form mi- 
celles that are stable in acid solution (some of them 
are unstable in an alkaline environment). The 
micelles of the nonionic association colloids are 
stable both in acid and alkaline solutions. 

A characteristic of aqueous solutions of the asso- 
ciation colloids is their high surface activity; the 
molecules and ions of the colloids concentrate at 
the interfaces. Because of this they have low sur- 
face tensions and low interfacial tensions against 
lipophilic media. They spread easily over both 
lipophilic and hydrophilic surfaces. Similarly, 
aqueous solutions of the polethylene glycols have 
relatively low surface tensions and good spreading 
properties. 

It is believed that the mucin layer which covers 
the whole glandular mucosa usually prevents the 
carcinogen from coming into direct contact with 
the stomach wall. Since a direct contact is the 
first condition for the absorption of the carcino- 
genic hydrocarbon, it is obvious that the solvents 
of group 3 possess properties that make such a con- 
tact possible. 

From the physico-chemical point of view it is 
clear that the lipophilic, water-insoluble solvents 
of group 1 are not able to displace the hydrophilic 
mucin from the predominantly hydrophilic glan- 
dular mucosa. Similarly, it may be supposed that 
the possibilities for this will increase with the 
hydrophilic character of the solvent. To what ex- 
tent the removal of the mucin involves direct 
solution, emulsification, or precipitation of this 
_ substance or surface-chemical displacement is 
still difficult to envisage. 

On the other hand, it is not quite clear whether 
a direct contact between the glandular mucosa and 
the carcinogen solution is a sufficient physico- 


chemical condition for absorption. When contact 
is established, the nature of the solvent and the 
state of the dissolved carcinogen may be of im. 
portance. In all cases where we have observed a 
strong absorption, the solvent was miscible with 
water or was itself an aqueous solution. It seems 
that the carcinogen penetrates into the mucosa 
along with the solvent, either molecularly dis. 
solved in the solvent or solubilized in the micelles. 
_ Whether the carcinogen is also able to penetrate 
into the mucosa when dissolved in emulsified par- 
ticles of fats and other predominantly lipophilic 
substances is not yet clear. Our experiments with 
emulsions may be construed as evidence for such a 
penetration, but this is not certain, since these 
emulsions also contained BP solubilized in the 
micelles of the aqueous phase. Thus, the penetra- 
tion in these cases can also take place from the 
aqueous solution and its micelles. 

It is not known whether the weak penetration 
observed with the water-insoluble solvents of 
group 2 occurs by a direct transfer of only the 
carcinogen from the solvent to the tissues or by 
some other mechanism. 

Some of the substances whose ability to promote 
penetration into the glandular mucosa of the stom- 
ach has been studied are often present in natural 
food: fatty acid glycerides, lecithin, and fatty 
acids. The latter two belong to group 2 and ac- 
cording to our experiments possess a certain, al- 
though very slight, ability to promote the penetra- 
tion of BP. Substances of group 3 which possess 
great penetration-promoting properties are seldom 
found in ordinary food. 

An association colloid solution capable of solu- 
bilizing carcinogenic hydrocarbons, however, en- 
ters the stomach when bile is regurgitated from 
the intestine. The micelles in bile are evidently 
mixed micelles consisting of taurocholate, glyco- 
cholate, and fatty acid anions, and probably also 
contain some cholesterol and possibly other lipids 
as well. These micelles are to some extent stable 
and can thus solubilize carcinogens in acid environ- 
ment (3). We did not, however, observe a fluores- 
cence in the glandular mucosa after feeding BP 
solubilized in natural ox bile. This negative result 
may be due to the extremely low BP concentration 
(<0.01 per cent). When a “synthetic bile” con- 
taining sodium taurocholate, sodium oleate, cho- 
lesterol, and lecithin was used as solvent for BP 
(0.01 per cent BP), a weak but distinct blue flu- 
orescence could be observed in the superficial layer 
of the glandular mucosa. An emulsion of arachidis 
oil in ox bile (equal parts, 0.25 per cent BP) gave 4 
slightly stronger fluorescence. When a concelr 
trated taurocholate solution containing 0.06 per 
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cent BP was fed to the experimental animals, the 
fyorescence was distinct. We thus conclude that 
when bile is regurgitated into the stomach, condi- 
tions may prevail, especially if the pH in the 
stomach is higher than usual, which make possible 
the penetration into the glandular mucosa of car- 
cinogens which have entered the stomach along 
with food or have accumulated in the bile. 

The hydrophilic-lipophilic substances of group 3 
may, however, enter the stomach more or less ac- 
cidentally. The possibilities for this have increased 
since such substances have come into use in ever 
increasing quantities in food and pharmaceutical 
products. For example, certain polyoxyethylene 
sorbitan esters of fatty acids (““I'weens’’) are 
added to bread and similar products. 

All these substances have very low critical con- 
centrations and are thus able to solubilize carcino- 
genic hydrocarbons even in extremely high dilu- 
tions. Our investigation has not proved that highly 
diluted aqueous solutions of association colloids 
are able to promote the penetration of solubilized 
carcinogens; from a physico-chemical point of 
view, however, there is no reason to believe that 
this ability is lost before the concentration of the 
colloid is reduced to the dilution at which the 
micelles disappear. 

If it could be shown that fat can be absorbed in 
the stomach as emulsified in fine particles, there 
would be every reason to believe that the natural 
emulsifiers and the synthetic emulsifiers included 
in our solvent group 2 would possess a still greater 
ability to effect the penetration of carcinogens into 
the glandular mucosa than is evident from the in- 
vestigations we have conducted up to the present. 


SUMMARY 


The ability of various solvents to effect the 
penetration of 3,4-benzpyrene into the stomachs 
of mice and cats has been studied with the fluores- 
cence microscope technic. Particular attention was 
paid to the significance of the lipophilic and hy- 


drophilic properties of the solvent and of the bal- 
ance between these properties. 

The nature of the solvent is of little importance 
for penetration into the mouse forestomach. 

For the penetration into the glandular mucosa 
of the stomachs of mice and cats the nature of the 
solvent is decisive. Substances with only lipophilic 
properties are unable to effect a penetration of BP. 
With substances possessing both lipophilic and 
hydrophilic properties a weak penetration is ob- 
served if the lipophilic properties predominate, and 
a strong penetration if the hydrophilic properties 
are predominant. The solvents of the last group 
are miscible with water. They include the poly- 
ethylene glycols and the association colloids (soaps 
and soaplike substances). Also, aqueous solutions 
of the association colloids are able to effect a pene- 
tration of BP. It is interesting to note that the 
bile salt solutions also possess properties which 
place them in the last group of solvents. 
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The Effect of Tumor Growth on Liver 


Catalase Concentration 


A. KLAtT AND ALFRED [TAYLOR 


(Biochemical Institute of the University of Texas, and the Clayton Foundation for Research, Austin, Tez.) 


Brahn (3) observed very low liver catalase ac- 
tivity in human beings who had died as the result 
of malignant growths. Later work showed that of 
all the individual liver enzymes studied in can- 
cerous rats and mice the activity of catalase was 
by far the most affected. Greenstein and co- 
workers (6, 7) have reported that with the pro- 
gressive growth of the tumor there is a decrease in 
liver catalase activity—the activity may be as 
low as 1/10 to 1/20 of the original value; that the 
effect of the tumor growth is reversible, since on 
removal of the tumor the liver catalase activity 
returns to the original level; and that this effect 
is produced in general by all fast-growing tumors. 
Greenstein (6) and Appleman and co-workers (2) 
have observed that large individual variations in 
liver catalase occur in animals at apparently the 
same stage of tumor development. Both have 
reported that kidney and erythrocyte catalase are 
affected but slightly, if at all, by the presence of a 
tumor. 

The present paper reports the results obtained 
in a study of the effects of the growth of trans- 
planted and spontaneous tumors on the liver cata- 
lase concentration of mice, and the effect of the 
growth of mouse and rat tumor tissue cultivated 
in the yolk sac on the liver catalase activity of the 
supporting chick embryo. 

The yolk sac cultivation of tumor tissue in em- 
bryonated eggs was developed in this laboratory 
and has been used continuously for more than 
8 years (11). Tumor tissue implanted in this man- 
ner into eggs grows vigorously and uniformly. 
Since nontumorous rat and mouse tissue cannot be 
transplanted serially in eggs, the yolk sac tumor 
represents a pure culture of tumor cells. 

It was considered that the reaction of the liver 


catalase concentration of chick embryos support- 


ing the growth of rat and mouse tumor tissue could 
furnish data of special value in helping to resolve 
the problem of tumor-catalase relationship. 


Received for publication March 19, 1951. 


MATERIALS AND METHODS 


Six different tumors were used in this study: a 
spontaneous DBA mammary carcinoma and trans- 
plants of a DBA mammary carcinoma, DBA 
spindle-cell sarcoma, DBA lymphosarcoma, C3H 
mammary carcinoma, and rat sarcoma. 

The DBA mammary carcinoma. originated 
spontaneously in stock mice in 1941 and has been 
maintained by serial transplantation in embryo- 
nated eggs and mice. It has been designated as 
DBA mammary carcinoma 1. Transplants of this 
tumor in mice attain a size of 5—7 gm. in about 23 
days, at which time the death of the mouse occurs. 
This tumor has been carried continuously by yolk 
sac cultivation for more than 8 years. It often has 
an adverse effect on the supporting embryo be- 
cause of a transferred toxic effect described in a 
previous report (10). 

The spindle-cell sarcoma designated as DBA 
Sarcoma 131 originated by stromal malignancy 
(9) from transplants of egg-cultivated DBA man- 
mary carcinoma 1. It has been carried in mice for 
122 transplant generations. This tumor grows 
rapidly and uniformly after transplantation, at- 
taining a size of about 8 gm. by the eighteenth 
day. It has a low vascularization factor and de- 
presses the hemoglobin concentration of the host 
mouse much less than does DBA mammary car- 
cinoma 

The lymphosarcoma designated as Lipoid Ill 
also originated by stromal malignancy from trans- 
plants into the mouse of egg-cultivated DBA 
mammary carcinoma 1 (9). This tumor has a high 
vascularization factor and affects the hemoglobin 
concentrations of the host much more than does 
DBA mammary carcinoma 1. Transplants of this 
tumor in mice grow rapidly and are highly malig- 
nant to the host, which rarely survives beyond the 
thirteenth or fourteenth day. The tumor is dif 
cult to weigh, as it invades the surrounding tissue, 
penetrating into the muscles of the body wall. It 
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has been carried in mice for 165 transplant gen- 
erations. 

The C3H mammary carcinoma originated spon- 
taneously in stock mice and has been carried by 
egg and mouse transplantation for 3 years. The 
-eaction of this tumor to egg cultivation has been 
described (11). 

The rat sarcoma originated spontaneously in 
the mesenteric tissues of the visceral cavity of a 
tock rat. It grows more vigorously in egg cultures 
than in its normal host. The chick embryo ap- 
pears to be little affected by this tumor, even when 
‘t attains several grams in weight. 

Mice of the DBA strain received implants of 
DBA mammary carcinoma 1, Sarcoma 131, and 
Lipoid III. Spontaneous tumors were provided by 
exbreeder DBA females. Control mice were of the 
same sex and age as the corresponding experi- 
mental group. 

Embryonated eggs were inoculated with tumor 
tissue in the yolk sacs by a technic reported in 
detail (11). The DBA mammary carcinoma 1, 
the C3H mammary carcinoma, and the rat sar- 
coma were cultivated in this manner. 

Mice were anesthetized with ether, decapitated, 
the tumors and livers removed, washed with sa- 
line to remove the blood, and weighed. The livers 
were homogenized, and a weighed amount of the 
homogenate was diluted with distilled water. 
Chick livers and tumors were treated in a similar 
manner. 

Catalase determinations were made by the 
sodium perborate method of Feinstein (5). All 
determimations were made on the same day that 
the animals were killed. 

Enzyme activity was expressed in milliequiva- 


lents of sodium perborate destroyed per milligram 
of liver. 


RESULTS 


The data obtained on the effect of tumor growth 
on the liver concentration in mice are summarized 
in Tables 1 and 3. The comparable results obtained 
with tumor-bearing embryonated eggs are shown 
in Table 2. 

These experimental data show that when cata- 
lase activity is calculated on the basis of units per 
milligram of liver, or concentration, DBA mam- 
mary carcinoma 1 induces no reduction; DBA 
Sarcoma 131 and spontaneous tumors, slight re- 
luctions; and Lipoid III (lymphosarcoma), a 
reduction of 45 per cent of the control level in 
mice. In the embryonic chicks a reduction in con- 
centration is noted for all tumors. When, however, 
catalase activity is calculated on the basis of the 
whole liver, or total liver catalase per mouse or 
chick, values were obtained which equal or ex- 


ceed those of the controls. The DBA mammary 
carcinoma 1 and the DBA 131 in mice are asso- 
ciated with total liver catalase values well above 
those of the controls, 130 per cent and 125 per 
cent, respectively. The spontaneous tumors in 
mice are associated with total liver catalase values 
that are slightly higher than those of the controls. 
In chick embryos bearing the C3H mammary car- 
cinoma, the liver catalase concentration was 
reduced to 73 per cent of the control value, while 
the total liver catalase was increased to 131 per 
cent of the controls. Exceptions to this are the 
mice bearing the Lipoid III and the embryonic 
chicks bearing the DBA mammary carcinoma 1, 
in which both the concentration and the total liver 
catalase values were reduced. The exceptions will 
be discussed later. 

Liver size was increased in all experimental 
groups, varying from 114 per cent of control, in 
embryonic chicks bearing the rat sarcoma, to 189 
per cent of control in mice with spontaneous tu- 
mors. Even the livers of the mice bearing the 
DBA mammary carcinoma 1 in which no reduction 
in liver catalase was observed either in concen- 
tration or in total liver catalase showed an in- 
crease in weight up to 135 per cent of the controls. 


DISCUSSION 


The low values for liver catalase of tumor-bear- 
ing animals reported by Greenstein and co-work- 
ers and by Weil-Malherbe and Schade (12) have 
not been found by other investigators. Appleman 
and co-workers and Dounce and Shanewise (4) 
reported less drastic reductions in their work with 
rats. It was suggested by Appleman that this dis- 
crepancy may be due to differences among strains 
of rats, the type of tumor used, the diet and ex- 
perimental technic employed. In the present ex- 
periments, by using mice of the same strain fed 
the same diet and eggs from the same flock of 
chickens, two different but equally uniform hosts 
were employed in which to study the effects of 
various tumors. Since the same experimental tech- 
nic was used for all experiments, the only variable 
with respect to each host was the tumor. 

There was a marked increase in liver size of 
tumor-bearing animals in all experimental groups 
whether or not catalase concentration was af- 
fected. Appleman et al. and Dounce and Shanewise 
reported enlargement of the livers of tumor-bear- 
ing rats with reduced catalase activities, but 
Greenstein and Weil-Malherbe and Schade gave 
no figures on liver size. Kynette et al. (8) in their 
study on the effects of egg-grown tumors on the 
chick embryo reported enlarged livers. Histologi- 
cally, these affected chick livers were characterized 
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by a proliferation of cells bordering the sinusoids, 
hepatic cells tending to separate into small aggre- 
gates, and, in severe case, areas of necrosis and 
depositions of erythrocytes. There is little doubt 
that liver damage is a phenomenon concomitant 
with cancer. A study on eight hepatic functions in 
patients with gastrointestinal cancer by Abels e¢ 
al. (1) revealed a high incidence of insufficiencies 
in these functions. | 

Large variations in liver catalase concentrations 


TABLE 1 


age. 


THE EFFECT OF TUMOR GROWTH ON LIVER CATALASE CONCENTRATION OF DBA MICE 
(5 mice each in control and experimental groups) 


were observed in animals at apparently the same 
stage of tumor development. This is in agreement 
with other investigators. Large individual varia. 
tions were found, however, for total catalase Values 
as well as for catalase concentration in both 
tumorous and nontumorous animals of the same 


That some tumors affect host animals more 
severely than others is well known. Of the foy 
mouse-grown tumors used in this study, the Lipoid 


CATALASE CaTatase 
ACTIVITY ACTIVITY 
PER MG. PER WHOLE 
LIVER AS __LIVER As 
Av. Av. LIVER PER CENT PER CENT 
TUMOR WT. CATALASE ACTIVITY CATALASE ACTIVITY OF AV. OF av. 
WT. (em.) PER MG. OF LIVER* PER WHOLE LIVER* CONTROL CONTROL 
Tumor (cm.) Control Exp. Control Exp. Control Exp. VALUE VALUE 
Transplantedmam- 3.8 1.30 1.62 0.122+0.014 0.127+0.015 158.54+18.9 205.54+22.8 104.1 130.0 
mary carcinoma 
(DBA 1) 
Transplanted spin- 5.6 1.18 1.62 0.125+0.014 0.115+0.010 149.04+24.9 188.2+46.2 92.0 126.0 
dle-cell sarcoma 
(DBA 131) 
Spontaneousmam- 2.9 1.63 2.09 0.166+0.018 0.146+0.018 271.8+53.9 299.8+41.8 88.0 110.3 
mary carcinoma 
Transplanted lym- 1.18 1.80 0.155+0.011 0.070+0.011 181.9+ 9.5 126.1+20.9 45 .2 69.3 
phosarcoma 
(Lip IID 


* Milliequivalents of NaBOs. 
TABLE 2 


THE EFFECT OF TUMOR GROWTH ON THE LIVER CATALASE CONCENTRATION OF EMBRYONATED EGGS 
| (5 to 10 eggs in control and experimental groups) 


CATALASE CATALASE 
ACTIVITY ACTIVITY 
PER MG. PER WHOLE 
Av. LIVER AS LIVER AS 
tu- AGE Av. LIVER PER CENT PER CENT 
MOR OF IM- wT. CATALASE ACTIVITY CATALASE ACTIVITY OF AV. OF AV. 
WT. PLANT (am.) PER MG. OF LIVER* PER WHOLE LIVER* CONTROL CONTROL 
Tumor (em.) (pays) Control Exp. Control Exp. Control Exp. VALUE VALUE 
C3H mammary 0.83 10 0.104 0.186 0.094 0.069 9.77 12.87 73.4 131.0 
carcinoma 
DBA mam- 0.9 11 0.175 0.223 0.124+0.025 0.077+0.009 21.1+3.8 17.2+38.0 62.1 81.5 
mary carci- 
noma 
Rat sarcoma 2.3 12 0.2388 0.270 0.114+0.014 0.091+0.011 26.7+0.5 2@4.14+1.8 78.8 90.3 
* Milliequivalents of NaBOs. 
+t Whole livers were not weighed separately. 
TABLE 3 
THE EFFECT OF THE GROWTH OF A TRANSPLANTED LYMPHOSARCOMA ON THE 
LIVER CATALASE CONCENTRATION OF MICE 
(5 mice each in control and experimental groups) 
CATALASE CATALASE 
ACTIVITY ACTIVITY 
PER MG. PER WHOLE 
LIVER LIVER AS 
PER CENT PER CENT 
AGE OF AV. LIVER WT. CATALASE ACTIVITY CATALASE ACTIVITY OF AV. OF AV. 
IMPLANT (aM.) PER MG. OF LIVER™ PER WHOLE LIVER* CONTROL CONTROL 
(pays) Control Exp. Control Exp. Control Exp. VALUE VALUE 
$ 1.19 1.34 0.166+0.019 0.160+0.013 196.2+10.4 215.3+18.3 96.4 109.7 
3] 1.17 1.40 0.165+0.019 0.165+0.017 193.3+28.6 227.8+11.6 100.0 117.8 
12 1.17 1.79 0.155+0.011 0.070+0.011 181.9+ 9.5 126.1+20.9 45.2 69.3 
15 1.26 2.26 0.162+0.022 0.062+0.014 208.1+30.5 1296.7+12.1 38.3 60.9 


* Milliequivalents of NaBOs. 
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[II was the only one that was associated with a 
reduction of total liver catalase. This highly ma- 
lignant lymphosarcoma 1s more Invasive than are 
other transplanted tumors, and it stimulates un- 
ysual vascularization of the neoplastic area, 
whereby it robs the host of a large amount of 
blood. Cachexia appears on about the seventh day 
after tumor inoculation. From the data given in 
Table 3 it will be noted that total liver catalase 
was not reduced until the twelfth day, or shortly 
before the death of the animal. Decreased liver 
catalase could not have been a causative factor in 
the cachexia, since it was not found until after the 
animal had been severely affected. 

Of the egg-grown tumors, the DBA mammary 
carcinoma was associated with a reduction in total 
liver catalase. The general toxic effects of this 
tumor on the chick embryo have been described 
by Taylor and Carmichael (10). The slightly lower 
total catalase values for the chicks associated with 
the rat sarcoma can be attributed to a reduction 
in size of the tumor-bearing embryo. It has been 
shown that increasing tumor size is associated 
with a decrease in the weight of the host chick (8) 
which would result in a corresponding reduction 
in the size of the liver. This is not regarded as a 
reduction in total liver catalase. 

The liver catalase concentration may not have 
been directly affected by the presence of a tumor 
in the host. It seems more probable that the 
changes observed in liver catalase activity in asso- 
cation with tumor growth were mediated by the 
fact that the liver of tumor-bearing animals in- 
creases In size without a corresponding increase in 
liver tissue (8). Consequently, a milligram of liver 
from a tumor-bearing animal has less active liver 
tissue in it than a milligram of control liver. The 
result was that the liver catalase activity per milli- 
gram tended to be lower in association with tumor 
growth. On the other hand, the experimental livers 
were enough larger than the controls to compen- 
sate for this factor and to bring the total liver 
catalase activity up to or above that of the livers 
from the nontumorous animals. This may explain 
the results of other investigators, who found a re- 
duction in liver catalase concentration in tumor- 
bearing animals but only slight or no reduction in 
Kidney and erythrocyte catalase activity from the 
‘ame animal. The kidneys enlarge only slightly 
iN association with tumor growth. 


SUMMARY 
A study was made of the effect of tumor growth 
on the concentration of liver catalase in mice and 


in chick embryos supporting the growth of yolk 
sac tumors. 


A total of 80 DBA mice was used, the experi- 


mental groups of which bore transplants of a mam- 
mary carcinoma, a sarcoma, a lymphosarcoma, 
and a spontaneous mammary carcinoma. 

Tests were completed on the livers of 44 chick 
embryos. The tumor-bearing eggs had been inocu- 
lated in the yolk sac with a DBA mammary car- 
cinoma, a C3H mammary carcinoma, and a rat 
sarcoma. 

There was a reduction in liver catalase activity 
in association with tumor growth in both the em- 
bryo and mouse series of experiments when the 
enzyme activity was based on unit weight of liver 
for experimental and control group. 

The total liver catalase of the tumor-bearing 
mice and of the embryos supporting tumors tended 
to be unaffected or slightly higher than that of 
the corresponding controls. 

It is suggested that, since the presence of a tu- 
mor in an animal is associated with changes in the 
liver which result in an increase in weight without 
a corresponding increase in active liver tissue, the 
effect is to dilute the per milligram catalase con- 
centration. The increase in liver size compensates 
for the dilution effect, so that the total liver cata- 
lase activity is relatively unaffected. 
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The Effect of Tumor Implants on Chick Embryo 
Liver Catalase Activity” 


EpwIN R. SKAVINSKI AND ABRAHAM M. STEIN 


(College of Agriculture, University of California, Los Angeles, Calif.) 


Several possible explanations have been sug- 
gested for the drastic decreases in liver catalase 
activity produced by tumor implants in mice and 
rats (1, 4, 5, 9). Since no specific mechanism has 
been demonstrated, the alternative hypotheses 
and evidence are presented below: 

1. There may be an actual interference with the 
synthesis of catalase necessary to maintain the 
normal concentration in the liver. However, in a 
previous paper (1) it was shown that a significant 
number of rats failed to show a decreased catalase 
activity in the presence of large tumors. 

2. One possible mechanism of interference is the 
production by the tumor of some toxic substance 
which affects the liver catalase activity. Recent 
work (6) has led to the extraction of a fraction of 
low molecular weight from tumors which, when 
injected intraperitoneally, lowered liver catalase 
activity of normal mice. 

3. There may be abstraction from the circula- 
tion of some substance necessary for the mainte- 
nance of a normal liver catalase activity. 

4. Because of the increased protein requirement 
of the animal with a growing tumor, experiments 
have been performed by varying the level of die- 
tary protein (9). Increased levels of protein had 
little effect on the liver catalase of tumor-bearing 
rats. 

This work was undertaken to determine the 
effect of tumor implants upon the liver catalase 
activity during embryonic development. It was 
felt that the avian egg would provide a fully ade- 
quate system for testing the effect of the tumor on 
liver catalase, since it is free from the variable of a 
possible, but undetected, essential limiting sub- 
stance in standard laboratory diets. Furthermore, 
the physiological adaptability of the embryo 
might allow it to adjust its metabolic processes to 
meet the demands imposed by both the normal de- 
velopmental process and the growth of the tumor. 


* This investigation was aided by a grant from the Uni- 
versity of California cancer research funds. 
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MATERIALS AND METHODS 


Embryonated New Hampshire Red eggs, Sup- 
porting growth of implants of Brown-Pearce cay. 
cinoma and Jensen fibrosarcoma on the chorioal- 
lantoic membrane, were used for the liver catalase 
measurements. The desired tumor tissue was in- 
planted into eggs which had been incubated for 8 
days at 37.5° C. The procedure was that reported 
by Schechtman et al. (8). The embryos were ob- 
tained after the eighteenth day of incubation. 
Sham-operated groups and embryos inoculated 
with tumor tissue, but showing no growth of the 
implant, were used as control groups to determine 
the normal enzymatic activity. 

The tumor was dissected from the chorioallan- 
tolic membrane and weighed; the liver was re- 
moved, weighed, sealed, and immediately frozen. 
The weight of the remaining carcass was also de- 
termined. In most cases the liver samples were 
pooled into groups classified according to the 
amount of tumors found. The pooled or single liver 
samples were homogenized at 0° C. in m/15 phos- 
phate buffer at pH 7.0. Catalase activity was de- 
termined by the procedure reported in a previous 
publication (1); aliquots of the homogenate were 
analyzed for nitrogen by the customary semi- 
micro-Kjeldahl method. 


RESULTS 


Sixty-two chick embryos were collected and 
separated into groups as shown in Table 1. Nitro- 
gen and catalase activity values are expressed on 
various bases to facilitate a more accurate inter- 
pretation of the data. A portion of the data is fur- 
ther presented in Chart 1. The changes produced 
by the growth of the tumor may be summarized. 
follows: 

1. An increase in rate of growth of the liver 18 
effected. This is accompanied by an approximately 
proportionate increase in the total liver nitroge! 

1 We are indebted to Dr. A. M. Schechtman, Ellis C. Berko- 
witz, and Melvin J. Cohen for their generosity and aid in pro- 


viding the experimental material used for the analytical 
determinations. 
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2. There is a greater proportionate increase in 
liver nitrogen than in liver catalase activity. 

3. Liver catalase activity increases if calculated 
per hundred grams of body weight but shows 
values below those of the control groups when 
calculated on a unit nitrogen basis or on a fresh 
tissue weight basis. 

4. The stimulation of liver growth and nitro- 
gen incorporation occurs with small amounts of 
tumor growth. Stimulation of nitrogen incorpora- 
tion in the liver is not directly proportional to 
tumor mass. 


% OF 
VALUE 


LIVER, WT.% 

LIVER N/100 G. 

LIVER CATALASE / 100 G. 
LIVER CATALASE / MG, N 
LIVER CATALASE/ G. LIVER 


BP: BROWN PEARCE 


Js JENSEN SARCOMA ! 

2 

CONTROL NON- TAKE 02% BP a8-5% BP 0.8-35% J 47-73% J 9.4-13.9% J 


Cuart 1.—Tumor implants and their effects on the chick 
embryo liver. 


DISCUSSION 


The data illustrate the importance of the selec- 
tion of a suitable basis for the interpretation of 
changes in enzyme activity. Thus, the expression 
of enzyme activity per unit quantity of liver nitro- 
gen would indicate that the presence of the tumor 
decreased the liver catalase activity. On the other 
hand, when expressed per unit weight of embryo, 
the data indicate an actual increase in total liver 
catalase activity in the embryo supporting growth 
of a tumor. This discrepancy is readily explained 
by the significantly larger liver and slightly ele- 
vated concentration of nitrogen present in the liver 
of the tumor-bearing chick embryo. 

We feel that the latter mode of expression is 
more valid, since it reflects the total quantity of 
liver enzyme available to the organism; we there- 
fore interpret the data obtained in this system as 
not supporting the hypothesis of an interference 
with liver catalase synthesis by tumor growth. 
Although increased liver nitrogen suggests an in- 
creased number of liver cells, one cannot draw 
conclusions as to the quantities of catalase per cell 
without a counting method. It is of interest that 
initially increased levels of liver catalase activity 
were reported by Greenstein e¢ al. (5) in rats bear- 
ing Hepatoma 31. 


The increases in liver fresh weight and nitrogen 
are interpreted as an increase in the rate of growt} 
of the liver caused by the influence of the tumo; 
This is provisionally interpreted as a readjustment 
on the part of the liver in an effort to meet the 
metabolic requirements of the tumor. 

The data presented herein indicate increased 
total amounts of liver catalase in the chick en. 
bryo which is supporting the growth of a tumor 
It is suggested that the effect of the tumor is to 
create either qualitative or quantitative changes 
in intermediary metabolism patterns. The adult 
rat may not mediate these metabolic changes as 
readily as the chick embryo. Evidently the embryo 
possesses the nutritional adequacy and/or the syn- 
thetic ability to mediate a more rapid, or a differ. 
ent pattern of, metabolism in response to the tu- 
mor growth. 

Friedberg et al. (3) and Borsook et al. (2) have 
shown that the rate of amino acid incorporation 
into proteins is much greater in the fetus than in 
the adult animal. Zamecnik et al. (10) have also 
shown that the rate of incorporation of labeled 
amino acids into the proteins of surviving hepa- 
toma nodules was 7 times that of slices of normal 
livers and 24 times that of slices from the nonma- 
lignant portions of the hepatoma-containing livers. 

The data do not support a tendency to estab- 
lish an enzyme level in the liver of the host similar 
to the low catalase level found in the growing 
tumor (5). It is felt that it would be reasonable to 
assume that the tumor causes an increase in the 
quantitative demand for certain enzymes beyond 
the normal requirements of the animal. Rosen- 
thal et al. (7) have shown that the rate of restora- 
tion of liver arginase activity after partial hepatec- 
tomy of rats was geared to the endogenous protein 
catabolism of the animal and paralleled urinary 
nitrogen excretion. Arginase activity restoration 
was greater in the case of protein-starved animals 
Thus, one could explain increased, decreased, and 
normal enzyme activity levels in terms of the 
metabolic demands imposed by tumor growth 
and capacity of the animal to synthesize enzymes. 
This, of course, assumes the synthesis and destruc- 
tion of enzyme molecules in the processes of inter- 
mediary metabolism. Insufficient data prevent the 
evaluation of results in terms of new qualitative 
types of metabolism patterns. . 

Future studies of the enzyme patterns in the 
tumor-bearing chick embryo may yield a more 
accurate interpretation of the effects of tumors 
enzyme systems. 

SUMMARY 

1. The effects of chorioallantoic implants of 
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on liver catalase activity in the chick embryo have 


been studied. 
2. The expression of liver catalase activity on a 


unit nitrogen basis shows decreased enzymatic 


activity, but the total quantity of liver catalase 


| per unit weight of chick embryo plus tumor shows 


‘nereased activity. The data suggest that tumor 


_ growth does not interfere with catalase synthesis. 


3. Tumor growth stimulates incorporation of 
liver nitrogen to a greater extent than the increase 


in total liver catalase activity. 
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Phosphorus Metabolism in Resting and Pregnancy-stimulated 
Mammary Glands and in Spontaneous Mammary 
Carcinomas of Mice‘? 


S. ALBERT, R. M. JoHNson, AND MaryjoriE S. 


(Richard Cohn Radvobiology Laboratory, Detroit Institute of Cancer Research, Detroit 1, Mich.) 


Tumors have been found to contain about the 
same amounts of phosphorus characteristic of nor- 
mal tissue (4, 5, 16), but its turnover in tumors is 
often significantly greater than normal (1, 5, 18) 
and in liver tumors tends to resemble that of the 
homologous tissue undergoing restoration follow- 
ing partial hepatectomy (1). In general, however, 
tumors have not been compared to the homologous 
tissues under the influence of a physiological 
stimulation. In the present study the amounts of 
phosphorus in the acid-soluble, phospholipid, 
phosphoprotein, DNA! and PNA! fractions, and 
the uptake of radioactive phosphorus by these 
fractions of spontaneous mammary gland carci- 
nomas of the mouse were compared to those in 
the corresponding fractions of resting and preg- 
nancy-stimulated mammary glands. 


MATERIALS AND METHODS 


The mice used were females of the DBA and 
C3H strains,? 20-42 gm. in weight, and 4-20 
months of age. They were fed Purina Mouse 
Chow and water ad libitum. Resting mammary 
glands were removed from the mice at least 10 
days after delivery of their second litters, which 
had not been permitted to suckle. Stimulated 


* Supported by grants from the National Cancer Institute, 
of the National Institutes of Health, Public Health Service, the 
American Cancer Society, Inc., the S.S. Kresge Foundation, 
and the Michigan Cancer Foundation. 


+ Part of this material was presented at the 41st Annual 
Meeting of the American Association for Cancer Research, 
Atlantic City, New Jersey, April 16, 1950. 


1 For the sake of convenience, the abbreviations for desoxy- 
pentosenucleic acid and pentosenucleic acid used herein will be 
DNA and PNA, respectively; DNA protein = desoxynucleo- 
protein; TCA =trichloroacetic acid. 


2 These strains originated at the Roscoe B. Jackson Me- 
morial Laboratory and have been maintained subsequently by 
brother-sister mating at the New York State Institute for the 
Study of Malignant Disease and the Detroit Institute of 
Cancer Research by Dr. William S. Murray and others. 
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glands were removed from pregnant females 3-3 
days prior to the expected termination of the 
third pregnancy. Nineteen primary spontaneous 
mammary gland carcinomas were obtained from 
adult nonpregnant mice and freed of excess blood 
and necrotic material before use. 

The radioactive phosphorus,’ as H;P*0,, was 
neutralized with sodium hydroxide. An aliquot 
was removed and diluted to the desired volume 
with distilled water. From this solution standards 
were prepared by evaporating 0.5-ml. aliquots of 
the diluted solution on soft glass planchets 24 mm. 
in diameter. The injected dose was calculated 
from these standards. Approximately 26 (range 
20-33)* ue. of phosphorus was administered as a 
single subcutaneous dose to each mouse. 

The animals were killed by cervical dislocation 
at 1, 4, 17, or 48 hours after injection of radioac- 
tive phosphorus, and the tumors and mammary 
glands were rapidly dissected out and weighed. 
Portions of the appropriate tissues were fixed in 
10 per cent formalin, sectioned, and stainedwith 
hematoxylin and eosin for microscopic examina- 
tion. The tissues for chemical analysis were in- 
mediately placed in 10 per cent TCA! at 1°-2°C., 
and homogenized in an all-glass homogenizer of 
the Potter-Elvehjem type (11). Aliquots of these 
homogenates were taken for total nitrogen and 
phosphorus analyses. The remainder, equivalent 
to 0.4-0.8 gm. of tissue, was fractionated e:- 
sentially according to the method of Schmidt and 
Thannhauser (13, 15). 

The following change in this method, which per- 
mitted a more complete separation of phospho- 
protein and PNA phosphorus, was developed. 19 
7-10 ml. of the DNA-protein-free supernatant 


3 The radioactive phosphorus used in these experiments was 
furnished by the Oak Ridge National Laboratory, Oak Ridge, 


Tenn. 


‘ These values have been corrected, since our counting at 
rangement is approximately 21 per cent efficient. 
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ution ina 15-ml. centrifuge tube was added 0.2 ml. 
of 15 per cent MgCh, containing an equimolar 
quantity of NH sCl, and 1 drop of 1 percent thym- 
olphthalem in ethanol. The mixture was chilled, 
placed in an ice-water bath, and concentrated 
\H.OH was added dropwise with vigorous stir- 
ring until a blue end-point was reached. The mix- 
ture was stirred for an additional 10 minutes with 
, mechanically driven glass rod and was stored in 
arefrigerator (3°-4° C.) for at least 4 hours. It was 
then centrifuged at 0°-3° C. The supernatant so- 
lution was removed, and the precipitate (to be re- 


ferred to as the first phosphoprotein precipitate) 


washed 3 times with ice-cold 16 per cent NH,OH. 
The supernatant solution and washings were com- 
bined, and acidified with a slight excess of 6 N HCl. 
Mter adding 160 wg. of carrier phosphorus, as 
NaHPO;, orthophosphate was reprecipitated as 
described above (to be referred to as the second 
phosphoprotein precipitate). 

The addition of carrier phosphate invalidated 
direct chemical determinations of both the remain- 
ing phosphoprotein and the PNA phosphorus. To 
determine the amount of total phosphoprotein 
phosphorus, the phosphorus in the first phospho- 
protein precipitate was determined chemically. 
The specific activity of the phosphoprotein phos- 
phorus was then calculated from the total phos- 
phorus and radioactivity values of the first phos- 
phoprotein precipitate. The amount of phospho- 
protein phosphorus present in the second phospho- 
protein precipitate was determined by dividing the 
amount of radioactivity found in this fraction by 
the calculated specific activity of the first pre- 
cipitate. The phosphorus thus determined plus 
that found in the first phosphoprotein precipitate 
represented total phosphoprotein phosphorus. 

PNA phosphorus was calculated by subtracting 
the phosphoprotein phosphorus from the total 
phosphorus of the supernatant. The radioactivity 
content of this fraction was determined as the dif- 
ference between the activities of the DNA-protein- 
free supernatant and the phosphoprotein fraction. 
The calculated values differed from the values de- 
termined by radioactivity assay by only 6 per cent. 

The nitrogen content of the homogenate, the 
icid-soluble and the lipid fractions were deter- 
mined by the usual micro-Kjeldahl procedure (9). 
the value for protein nitrogen was obtained by 
subtracting the value of the acid-soluble and lipid 
fractions from the amount found in the homogen- 
ate. Phosphorus was determined according to the 
method of Fiske and SubbaRow (6), after a 70 
per cent perchloric acid digestion of the tissues. 

Radioactivity was determined with an end- 


window counter and a standard scaling assembly. 
The expression “concentration coefficient,” slight- 
ly modified from that suggested by Schulman and 
his co-workers (17, 18), has been used to indicate 
the uptake of radioactivity and was calculated in 
the following manner: 


counts/min found in fraction/yg phosphorus in fraction 
counts/min injected/yg of body weight 


In this expression the counts per minute injected 
were recalculated from standards counted on the 
same day as the experimental samples in order to 
avoid correcting for decay of the radioactivity in 
them. 

RESULTS 


The technics employed in these experiments re- 
sulted in an over-all recovery of phosphorus in the 
various fractions equivalent to 100+ 1.1 per cent 
of the total found in the homogenates. The total 
radioactivity recovered was 112+ 1.8 per cent. 

The amounts of phosphorus found in the various 
fractions calculated on a protein nitrogen basis are 
shown in Table 1. Stimulated mammary glands 
and mammary carcinomas contained approxi- 
mately the same amount of phosphorus, 187 and 
144 yg/mg of protein nitrogen, respectively, as 
compared with only 92 ug/mg in resting glands. 
The higher phosphorus content of the carcinomas 
and pregnancy-stimulated glands was not ac- 
counted for by proportional increments in all 
fractions. The greatest increases occurred in the 
nucleic acid fractions. Approximately the same 
amounts of PNA phosphorus were found in the 
carcinomas and pregnancy-stimulated glands; in 
both tissues, the values were more than 3 times 
those for the resting glands. Three times as much 
DNA phosphorus was found in the carcinomas as 
in the resting glands, and more than twice as much 
as in the stimulated ones. There was a higher con- 
centration of acid-soluble, phospholipid,and phos- 
phoprotein phosphorus in stimulated glands than 
in either resting glands or carcinomas. The increase 
was only slight, however, The concentration of 
phosphoprotein phosphorus was of the same order 
in resting glands and carcinomas, and that of the 
phospholipid was lowest in the carcinomas. In the 
acid-soluble fraction of the tumors the phosphorus 
concentration was intermediate between that of 
the two types of mammary issue. 

The concentration coefficients in all mammary 
tissues and carcinomas studied were highest in the 


5A Tracerlab TGC-1 Geiger counter and a Radioactive 
Products Co. Raychronometer were used for assaying radio- 
activity. Those Geiger counts that did not exceed the back- 
ground by 10 were not considered significant, 10 counts being 
approximately 3 times the standard error of the background. 
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acid-soluble fraction and next highest in the 
phosphoprotein. The lowest values were in the 
DNA fraction, and those of the phospholipid and 
PNA fractions were intermediate (Table 2). 

The concentration coefficients in all fractions 
of the pregnancy-stimulated mammary glands 
were, in general, greater than those of the resting 
glands or carcinomas. The concentration coefi- 
cients of the various fractions of tumors were not 
consistently higher or lower than those of similar 
fractions of the resting mammary glands. How- 
ever, they tended to be higher in the resting glands 
soon after injection and in the carcinomas later. 

The changes in the concentration coefficients 
for any given fraction over the experimental time 
period were similar for all three tissues. In the 
acid-soluble and phosphoprotein fractions they 
increased relatively rapidly, apparently reached 
maxima prior to 4 hours, and then fell gradually. 
In the phospholipid fractions the concentration co- 
efficients increased rather slowly, reached maxi- 
mum values after about 17 hours, and either main- 
tained this level or fell slightly thereafter. In the 


TABLE 1 


PHOSPHORUS DISTRIBUTION IN MOUSE MAMMARY GLANDS AND 
MAMMARY GLAND CARCINOMAS* 


nucleic acid fractions the coefficients increase 
very slowly throughout the entire experiments| 
period (Table 2). 

The spontaneous mammary carcinomas exhib. 
ited varying degrees of differentiation, as indicated 
by the tendency of the neoplastic cells to form 
glandular or pseudo-glandular structures. Hoy. 
ever, no general correlation was found between the 
level of differentiation and the amount of phos- 
phorus in the several fractions of the tumor or 
their uptake of radioactive phosphorus. 


DISCUSSION 


The fact that the carcinomas of the mammary 
gland investigated in these experiments contained 
more phosphorus in the acid-soluble, DNA, and 
PNA fractions, and less in the phospholipid, than 
did the resting glands corresponds in general to the 
reports for brain and lung tumors and hepatomas 
(4, 5, 8, 14, 16, 19) but differs in certain respects 
from results obtained with gastric and skin carci- 
noma and hepatoma (2, 7, 16, 18). 

The relatively high concentrations of DNA 


Acid- Phospho- Phospho- Total 
Tissue soluble lipid protein DNA PNA phosphorus 
Resting mammary 33.8+1.1f 30.0+0.91 3.5+0.12 12.8+0.33 11.4+0.70 91.9 
gland 
Pregnancy-stimulated 44.9+1.1 33 .3+0.81 5.2+0.40 18.8+0.33 34.7+1.0 136.9 
mammary gland 
Mammary gland car- 39.8+0.97 25.8+0.74 3.1+0.11 38.0+1.4 37.740.10 143.9 
cinoma 
* Micrograms of phosphorus per milligram of protein nitrogen. 
+ Standard errors of the mean values. 
TABLE 2 


THE CONCENTRATION COEFFICIENTS OF VARIOUS PHOSPHORUS-CONTAINING FRACTIONS OF 
RESTING AND PREGNANCY-STIMULATED MAMMARY GLANDS 
AND MAMMARY GLAND CARCINOMAS* 


Fraction Tissues 1 Hour 4 Hours 17 Hours 48 Hours 
Acid-soluble Resting glands 1,055 (462) 948 (107) 466 (45) 294 (80) 
Stimulated glands 1,113 (214) 1,228 (45) 639 (159) 449 (73) 
Carcinomas 733 (96) 579 (107) 495 (70) 286 (29) 
Phospholipid Resting glands 43 (13) 145 (49) 188 (16) 213 (43) 
Stimulated glands 62 18) 265 tes) 436 (134) 404 (54) 
Carcinomas 22 (3) 68 (27 374 (69) 379 (39) 
Phosphoprotein _ Resting glands 326 (188) 558 (143) 205 (19) 116 (29) 
Stimulated glands 579 (104) 927 (246) 586 (233) 385 (37) 
Carcinomas 393 (62) 509 (167) 512 (147) 195 (17) 
DNA Resting glands 1f 11 (6) 4 (2) 8} 
Stimulated glands 6t 73 (26) 57 (16) 214 (46) 
Carcinomas 4 (3) 11 (4) 51 (17) 113 (38) 
PNA Resting glands 100 (48) 151 (14) 150 (15) 228 (104) 
Stimulated glands 45 (7) 206 (65) 261 (74) 391 (62) 
Carcinomas 35 (10) 83 (14) 220 (41) 269 (46) 


* Each value is the average of three to seven observations. The average deviation is indicated in parentheses. 
t One out of four animals was found to have a significant amount of radioactivity in this fraction. 
t Two out of four animals in the case of the resting glands and two out of three in the stimulated ones had significant amounts 


of radioactivity in this fraction. 
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hosphorus found in the mammary tumors suggest 


| cither that the amount of DNA per carcinoma 
: cell was increased or that there was an increased 
cellularity. The recent work of Cunningham, 
Griffin, and Luck (3) indicated that increased con- 
centrations of DNA in livers showing preneo- 


plastic or neoplastic changes are due to increased 
cellularity and also to polyploidy. Assuming in- 
creased cellularity as the major factor accounting 


for the increase in DNA in the present experi- 


ments, the similarity in the values of the acid- 
soluble, lipid, and phosphoprotein phosphorus in 
the tumors and in resting glands suggests that the 
average neoplastic cell either had a smaller 
amount of cytoplasm or possessed lower cytoplas- 
mie concentrations of these substances than did 
the average normal resting cell. Microscopically, 
the tumor cells appeared to have a smaller cyto- 


tumor cell as there is in a resting mammary gland 
cell, and there is a similar increase in the stimu- 
lated gland cells. 

The rate of uptake of radioactive phosphorus in 
the acid-soluble fraction was found to be lower in 
the carcinomas than in either resting or stimu- 
lated glands. In the phosphoprotein fraction of 
resting glands and carcinomas the rates were 
nearly equal, both being lower than in the stimu- 
lated glands. In the phospholipid, DNA, and PNA 
fractions the rate of uptake was lowest in the rest- 
ing glands, highest in the stimulated ones, and 
intermediate in the carcinomas. These results 
suggest that the development of cancer in the 
mammary glands of C3H and DBA mice either 
produced no change in the rate of uptake of radio- 
activity in the phospholipid, phosphoprotein, 
DNA, and PNA fractions or increased it only 


TABLE 3 


PHOSPHORUS AND NITROGEN OF MOUSE MAMMARY GLANDS AND 
MAMMARY GLAND CARCINOMAS* 


Acid- Phospho- Phospho- 
soluble lipid protein PNA Protein 
Tissue phosphorus phosphorus phosphorus phosphorus nitrogen 
Resting mammary gland 2.74 2.32 0.27 0.89 78.2 
Pregnancy-stimulated mam- 2.38 1.77 0.27 1.85 53.2 
mary gland 
Mammary gland carcinoma 1.05 0.68 0.08 0.99 26.3 


* Figures shown are micrograms of fraction phosphorus and tissue protein nitrogen per microgram of 


DNA phosphorus. 


plasmic volume than resting cells, supporting the 
first of these two possibilities. 

If it is assumed that mammary tissue is similar 
to liver tissue in that there is no change in the 
DNA content of the nucleus when the cell becomes 
cancerous (3, 10, 12), we may reduce the data of 
Table 1 to a cell basis by comparing them to DNA 
(Table 3). 

Since the amounts of acid-soluble, phospholipid, 
and phosphoprotein phosphorus and protein nitro- 
gen in tumors are about one-third the values found 
in resting glands, one might infer that the cyto- 
plasmic volume of the cells of the former were ap- 
proximately one-third of that of the latter. Ap- 
plying the same reasoning to the case of the stimu- 
lated glands, it would appear that the cytoplasmic 
volume of their cells is about two-thirds that of the 
resting mammary gland cells. If these relation- 
ships are true, it follows from these data that there 
are no outstanding differences in the amounts of 
either protein nitrogen or acid-soluble and phos- 
pholipid phosphorus per cell among these three tis- 
sues. Furthermore, while the amount of protein 
phosphorus is the same in resting gland and tumor 
cells, it is higher in the cells of the stimulated 
glands. Last, there is $ times as much PNA per 


within the limits found in the mammary glands 
physiologically stimulated by pregnancy. 


SUMMARY 

1. Radioactive phosphorus, as NasHP*O,, was 
administered to normal and pregnant female mice 
and to females bearing mammary gland carcino- 
mas, and the animals were sacrificed at 1, 4, 17, or 
48 hours after injection. The mice were of the can- 
cer-susceptible C3H and DBA strains. The 
amounts of phosphorus and radioactivity were de- 
termined in the acid-soluble, phospholipid, phos- 
phoprotein, DNA, and PNA fractions. 

2. The concentration of phosphorus in the DNA 
fraction of the carcinomas was increased threefold 
over that found in the resting glands, and twofold 
over that found in the stimulated glands. On the 
basis of the findings of other workers, it was con- 
cluded that this increased DNA phosphorus con- 
centration denotes increased cellularity rather 
than increased nuclear concentration. 

3. The concentration of phosphorus in the acid- 
soluble and PNA fractions of the mammary gland 
carcinomas more closely resembled that found in 
the pregnancy-stimulated glands, while that in the 
phospholipid and phosphoprotein fractions re- 
sembled that found in the resting glands. 
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4. The uptake of radioactivity in all fractions 
of the carcinomas, except the acid-soluble, was 
higher than in resting glands. In all fractions it 
was lower than in the physiologically stimulated 
glands. 
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A Comparison of Nitrogen Content of Lymph Nodes from 


Cancer and Noncancer Patients* 


JEANNE C. BATEMAN, Cavin T. Kopp, AnD ANNE MENDELSON 


(Departments of Medicine and Surgery and the Cancer Clinic of the George Washington University 
School of Medicine, Washington, D.C.) 


Cancer patients, even when maintained in posi- 
tive nitrogen balance, may show progressive de- 
crease in serum protein and lack of clinical im- 
provement (3). When weight gain occurs in such 
individuals, it does not account for all nitrogen 
retained (1). Increase in nitrogen content as well 
as hyperplasia of lymphatic tissue has been ob- 
served in mice bearing transplanted sarcomas and 
adenocarcinomas (2). Conversely, lymph nodes of 
tumor-bearing rats (Walker carcinoma 256) were 
found to contain less nitrogen than did the same 
tissues from pair-fed controls (5). This study was 
undertaken in an attempt to determine whether 
lymphatic tissue in human cancer patients acts as 
a possible source of nitrogen or competes with the 
growing tumor in consumption of nitrogen. 


MATERIALS AND METHODS 

Lymph nodes were obtained from cancer and 
noncancer patients, either at operation or post 
mortem examination. The nodes were immediately 
dissected free of fat and divided into two portions. 
One portion of each node was carefully weighed 
and then dissolved in equal parts of nitrogen-free 
sulfuric acid and water. A micro-Kjeldahl Ness- 
lerization method was used for nitrogen deter- 
mination, and readings were made on a Coleman 
junior spectrophotometer. The second portion 
was fixed in 10 per cent formalin, imbedded in 
paraffin, cut, and stained routinely with hema- 
toxylin and eosin. Pathological examination was 
done to verify the type of tissue and to determine 
the presence or absence of cancer. Nodes showing 
fatty replacement on microscopic examination 
were not included in this study. 

A limited number of blocks of tissue from vari- 
ous organs (liver, spleen, kidney, lung, and thy- 
roid), as well as from tumors, was obtained at 
post mortem examinations. These were analyzed 
for nitrogen content by the same method employed 
in the examination of lymph nodes. 


p * Aided by grants from the National Cancer Institute, 
ublic Health Service, and the American Cancer Society. 
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RESULTS 


Two hundred and ten nodes were obtained from 
41 patients (28 surgical and 13 post mortem). 
Sex and age distribution were as follows: 


FE- 
Type casE MALES MALES 
Cancer 9 19 
Noncancer 8 5 


The diagnoses were as follows: 


CANCER CASES 


Sur- Post 
gical mortem 
Breast 10 1 
Skin 1 
Tongue 2 
Mouth 1 
Metastatic to 1 
neck* 
Bronchus 1 
Cervix 1 
Vulva 1 
Stomach 1 
Duodenum 1 
Colon 4 
Rectum 2 
Thyroid 1 
Total 25 3 


* Primary site unknown. 


AVERAGE 
AGE RANGE AGE 
26-73 years 51.5 years 
23-83 “ 
NONCANCER 
Sur- Post 
gical mortem 
Heart disease 4 
Nephritis 2 
Adenofibroma 1 
of breast 
Intracranial 
hemorrhage 1 


Peptic ulcer 
Saphenous vein 3 


ligation 

Intestinal per- 1 
foration 
Total 4 9 


Nodes were classified in three groups: (a) nodes 
from noncancer patients, (b) nodes from cancer 
patients which on _ pathological examination 
showed the presence of neoplastic cells, and (c) 
nodes from cancer patients which on pathological 
examination were free of neoplastic cells. The 
range of nitrogen content, as well as the average 
for each group, is given in Table 1. The range is 


TABLE 1 


NITROGEN CONTENT OF NODES FROM CANCER 
AND NONCANCER PATIENTS 


No. 

TYPE CASE NODES 

Noncancer 59 
Cancer 

Neg. nodes 119 

Pos. nodes 32 


NITROGEN 
(am/100 Gm) 
Range Av. 
0.98-3.19 1.92 
0.92-3 .09 2.04 
1 .42-2 .65 2.09 
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similar in nodes from noncancer patients and in 
noncancerous nodes from cancer patients and 
overlaps at both ends the range of nitrogen con- 
tent of cancer nodes. There is no significant differ- 
ence between the averages of the three groups at 
the 0.05 level of probability. 

The nodes were further divided according to 
site as well as source. The range and average ni- 
trogen content of each group are given in Table 2. 


TABLE 2 


NITROGEN CONTENT OF NODES GROUPED 
ACCORDING TO SITE 


NITROGEN 
SITE SouRcE No. (am/100 am) 
NODES Range Av. 

Axillary Non-ca. pts.* 16 1.52-3.07 1.97 
- Ca. pts. neg. nodes 54 1.32-2.93 2.08 
° Ca. pts. pos. nodes 14 1.42-2.55 2.00 
Cervical Non-ca. pts. 2 2.50-2.67 2.58 
1 Ca. pts. neg. nodes 26 1.35-3.09 2.27 
- Ca. pts. pos. nodes 2 2.40-2.46 2.43 
Hilar Non-ca. pts. 12 1.61-2.15 1.96 
. Ca. pts. pos. nodes 2 2.22-2.40 2.31 
Inguinal Non-ca. pts. 8 0.98-2.14 1.68 
. Ca. pts. neg. nodes 8 1.43-2.56 1.80 
. Ca. pts. pos. nodes 1 1.68 
Mesenteric Non-ca. pts. 14 1.27-3.19 1.91 
” Ca. pts. neg. nodes 28 0.92-2.35 1.87 
P Ca. pts. pos. nodes 5 1.45-2.65 2.22 
Periaortic Non-ca. pts. 7 1.61-2.30 1.86 
, Ca. pts. neg. nodes 3 1.67-1.83 1.72 
. Ca. pts. pos. nodes 5 1.85-2.19 2.04 


* Pts. =patients. 


The average nitrogen content was highest in nodes 
from the cervical region in all groups and lowest 
in nodes from the inguinal region, except for the 
periaortic negative nodes from cancer patients. 
When these statistics were analyzed, more varia- 
tion was found among the different sites than 
should have been expected from the variation that 
existed within any one group. As a result, it can 
be said that there was a significant difference in 
nitrogen content between nodes from various 
sites. 

In an attempt to correlate tumor size with 
total number of regional nodes, as well as percent- 
age of metastatic nodes, nine cases of breast can- 
cer are compared (Table 3). 

The tumor specimens as well as the regional 
lymph nodes were obtained at surgery, since all 
the patients had radical mastectomies. None of 
these patients presented the extreme cachexia and 
malnutrition so frequently seen in far advanced 
neoplastic disease, so that this was a roughly 
homogeneous group as to site of disease and state 
of nutrition. As can be seen there was much 
greater variance in percentage of positive nodes 


than there was in total number of regional lymph 
nodes present. The size of the tumor did not seem 
to be related to either the total number or per cent 
positive regional lymph nodes present. 
Nitrogen content of blocks of tissues from yar. 
ous sites from cancer and noncancer patients 
showed no appreciable difference, although the 
total number of specimens analyzed js small. The 
type of tissue, number of specimens, range of pj. 
trogen, and average nitrogen content are given in 
Table 4. Tumor metastases in liver contained less 


TABLE 3 


SIZE OF TUMOR AND NO. OF REGIONAL LYupH 
NODES IN NINE CASES OF 


RADICAL MASTECTOMY 
TUMOR SIZE 
(LARGEST REGIONAL LYMPH NODES 
DIAMETER) Total Metastatic 
CasE (cm.) no. no. Per cent 
CB 3.0 21 5 24 
MB 4.0 24 1 4 
AB 3.0 32 4 13 
EG 5.0 8 1 12 
EM 3.5 23 13 57 
AH 2.5 15 10 67 
RG 7.0 23 0 0 
MA 3.0 15 0 0 
JA 1.0 20 0 0 
TABLE 4 


NITROGEN CONTENTS OF BLOCKS OF TISSUE 
OTHER THAN LYMPH NODES 


No. NITROGEN (GmM/100 am) 
TISSUE SPECIMENS Range Av. 
Liver 10 2.16*-3.57 2.99T 
Kidney 4 2.10 -2.67 2.38 
Spleen 3 2.64 -3.28 3.29 
Lung 3 2.02 -2.59 2.29 
Muscle Q 2.46 -3.43 2.94 
Thyroid 2 3.12 -3.29 3.20 
Fat conn. tissue 2 0.40 -0.77 0.59 
Tumor 7 2.26 -3.72 2.84 
* This specimen was obtained from a liver showing gross fatty 
change. 


t Does not include single specimen from fatty liver. 


nitrogen in two specimens and more nitrogen in 
one specimen than adjacent hepatic tissue 


DISCUSSION 


In a careful study of the parametrium in 27 
cases of carcinoma of the cervix, Sampson (4) 
found not only newly formed nodes projecting 
into lymph channels to which cancer could metas- 
tasize but also newly formed lymph nodes which 
apparently bore no relation to the lymph channels 
and in which cancer metastases were never seell. 
That growing tumor is associated with lymph 
node hyperplasia, even in the absence of meta- 
static involvement, was particularly apparent 
the cases of carcinoma of the breast observed m 
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this study. Only a few small axillary nodes were 
obtainable from noncancer patients. In the pres- 
ence of malignant neoplasm of the breast, large 
nodes were found in which no neoplastic cells were 
seen microscopically, and such cancer-free nodes 
greatly outnumbered those in which metastatic 
cancer was found. 

Although serial sections were not done and the 
presence of a few neoplastic cells in some of these 
nodes may have been missed, the general increase 
in lymphoid tissue in the presence of cancer was 
striking. The masses of hyperplastic lymphoid tis- 
sue were found frequently as cords or even flat 
sheets between fat lobules. Occasionally in section 
a fat lobule was revealed, sheathed in an envelope 
of lymphoid tissue. Homburger (2) observed en- 
largement of lymph nodes, which was due to sim- 
ple hyperplasia in mice bearing transplanted 
tumors. This increase in weight of lymphoid tissue 
was accompanied by a rise in nitrogen content. 
Sherman et al. (5) demonstrated a striking de- 
crease in nitrogen content of lymph nodes, which 
in some cases was as great as '70—90 per cent in rats 
with transplanted Walker carcinoma 256, and 
postulated this tissue as one of the nitrogen 
sources for the growing tumor. 

This study shows no significant difference in 
nitrogen content of nodes from noncancer and can- 
cer patients. However, the increase in total lym- 
phatic tissue in the region of the tumor suggests 
that, rather than being a source of nitrogen for 
the tumor, such tissue is a site of nitrogen shunt. 
The differences reported in lymphatic nitrogen 
in tumor-bearing animals may be attributed to 
species differences. Although we did not observe 
a significant absolute increase in lymph node ni- 
trogen, the apparent increase in lymphatic tissue 
resembled that seen in tumor-bearing mice. 

It is beyond the scope of this paper to discuss 
the mechanism of lymphoid hyperplasia asso- 
ciated with tumor growth. Willis (6) attributes 
these changes to mild bacterial infection in super- 
ficial growths, to degenerative changes in tumor 
or to blockage of ducts and retention of secretions 


in glandular organs. The observations in our study 
indicate that lymphoid tissue in human cancer pa- 
tients does not act as a source of nitrogen and 
probably shares to a small extent with growing 
tumors in deviating nitrogen from its normal meta- 
bolic pathways. 

SUMMARY 


1. Two hundred and ten lymph nodes were ob- 
tained from 28 surgical and 13 post mortem exami- 
nations. These nodes were examined biochemically 
for nitrogen content and histologically for verifica- 
tion of type tissue and presence of cancer. 

2. There was no significant difference between 
the nitrogen content of metastatic and nonmeta- 
static nodes from cancer patients and that of nodes 
obtained from noncancer patients. 

3. A consistent hyperplasia of lymphoid tissue 
observed in cancer patients suggests that this tis- 
sue shares to some extent with growing tumor the 
role of depleting other body tissues of their nitro- 
gen stores. 

4. Significant differences of nitrogen content 
were observed in lymph nodes from various sites. 
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The Distribution of Radioactivity in the Tissues of Mice 


Receiving Iriphenylbromoethylene-Br 


Gray H. Twomsty, Erwin F. SCHOENEWALDT, AND Doris MEISEL 


(Department of Obstetrics and Gynecology, College of Physicians and Surgeons, Columbia University, New York, N.Y .) 


In 1946 Daudel, Berger, Buu-Hoi, and La- 
cassagne (6) reported selective absorption of 
radioactive bromine by the ovaries of mice in- 
jected with the synthetic estrogen, triphenylbro- 
moethylene. The estrogen had been made by a sim- 
ple bromination of triphenylethylene with ma- 
terial obtained from one of the French atomic piles 
and had an activity of 100,000—500,000 counts per 
minute per milligram (2). When female mice be- 
longing to the RIII strain were injected with this 
material dissolved in olive oil and were killed by 
decapitation at 12 hours, their ovaries were found 
to contain twice the quantity of radioactivity that 
occurred in the blood. 

While these authors reported the use of both 
male and female mice in their investigations, they 
made no mention of measurements on the radio- 
activity of the testes. In fact, no tissue from the 
male animals was reported to have a higher con- 
centration of radioactive bromine than did the 
blood, and all tissues gave much lower counts than 
was the case with the female mice. 

In 1950 Daudel, Apelgot, Buu-Hoi, Coste- 
rousse, and Lacassagne (5) reported further ex- 
periments purporting to show concentration of 7 
times the blood radioactivity in the ovaries, an 
eightfold concentration in the thyroid, a 48-fold 
concentration in the adrenal, and from 15 to 216 
times the blood activity in the pituitary. These 
animals were killed at the end of 18 hours. 

In 1940 Bonser and Robson (4) reported that 
triphenylethylene administered to Strong A male 
mice produced malignant Leydig-cell tumors. A 
second paper (3) by Bonser in 1944 showed that 
RIII males were also susceptible but not as sus- 
ceptible as male Strong A mice. That tumor pro- 
duction «as a function of estrogenic activity 
rather than specific chemical structure was sug- 
gested when Hooker, Gardner, and Pfeiffer (8) 
obtained similar results with estradiol benzoate 
and diethylstilbestrol. These observations were 
confirmed by Shimkin, Grady, and Andervont 
(10) with diethylstilbestrol and cholesterol pel- 


* This work was supported by grants from the National 
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lets. Gardner (7) mentions that Leydig-cell tumors 
do not appear in C57 males treated with natural 
estrogens. 

It was our purpose to verify the observations of 
the French investigators concerning the selective 
localization of the radioactive bromine of tr. 
phenylbromoethylene in mouse ovaries and to see 
whether a similar localization took place in the 
testes. We thought it might be possible to explain 
the observed strain differences in Leydig-cell 
tumor formation on chronic estrogenic stimulation 
by differences in uptake of radioactive triphenyl- 
bromoethylene. 


MATERIALS AND METHODS 


Radioactive bromine-82 was obtained by bom- 
barding octyl bromide with slow neutrons in the 
Columbia cyclotron (Szilard-Chalmers reaction). 
The octyl bromide was extracted by repeated 
shakings with dilute aqueous sodium hydroxide. 
The sodium bromide so obtained was decomposed 
in a closed system by oxidizing it with manganese 
dioxide and sulfuric acid. With gentle heating the 
liberated bromine was carried over in a slow 
stream of nitrogen, through a drying trap, and 
into an iced receiver containing triphenylethylene 
in freshly distilled chloroform. The tripheny!- 
bromoethylene, obtained by evaporation of the 
chloroform and_ recrystallization glacial 
acetic acid, appeared as white needles with a melt- 
ing point of 114.5° C. to 115° C. It was freely solu- 
ble in sesame oil. The reaction is pictured in 
Chart 1. 

The radioactive triphenylbromoethylene was 
obtained in small amounts, 3-5 mg. In each case 
it was dissolved in sesame oil and injected sub- 
cutaneously into groups of ten male mice, each 
mouse receiving 0.2 cc. of the solution contaming 
0.3-0.5 mg. of the synthetic estrogen or 700° 
2,500 counts/min of radioactive bromine. The 
mice were in lots of five each, strain A or RII 
animals, which are known to develop Leydig-cell 
tumors, being compared simultaneously wil 
C57 black or DBA animals. At the end of 22.5-2 
hours they were killed and their organs dissected 
out carefully to avoid contamination. After weigh- 
ing, the testes, adrenals, samples of liver and kid- 
ney, and the spleens were dissolved in 20 per cent 
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KOH, the volume of each set of organs was made 
up to 5 ce., and their radioactivity was measured 
‘1a thin-window Geiger-Miiller counter. 
Subsequently, a similar procedure was carried 
out on two lots of animals of mixed sexes and 
trains: one male and two female C57 mice and 
two A females in the first lot; two female and two 
male C57 mice and two female and two male A 
mice in the second. In these animals, measurements 
of radioactivity of the ovaries, pituitaries, testes, 
liver, kidneys, and blood were made 6, 7, and 15 
hours after injection. All these experiments were 
carried out with material of rather low specific 


activity. 


TRIPHENYLETHYLENE TRIPHENYLBROMOETHYLENE 


Cuart 1.—Bromination of triphenylethylene 


A final experiment designed to repeat the work 
of the French investigators as closely as possible 
was done in somewhat different fashion with ma- 
terial obtained from the Brookhaven pile. Two- 
hundred forty mg. of potassium bromate was bom- 
barded with slow neutrons until it was estimated 
to have an activity of Br®? of 35 me. The KBrO; 
was dissolved in 15 ee. of water and transferred to 
a small separatory funnel. Five cc. of purified 
chloroform was added, together with an oxidizing 
mixture (1 ee. saturated KMnQ,, 1 ce. concen- 
trated HNOs, and 2 ec. of water). The funnel was 
shaken vigorously for 30 seconds. The liberated 
bromine was dissolved in the chloroform by this 
procedure. It was withdrawn and chilled in an ice 
bath. Twenty mg. of triphenylethylene in 15 ce. 
of chloroform was added and the whole allowed 
to stand 2 hours in the cold. The chloroform was 
evaporated off, and the crystalline estrogen was 
dissolved in 2.5 ee. of olive oil. Each mouse re- 
ceived 0.2 cc. (2 mg. of triphenylbromoethylene) 
or 21,000,000 counts/min/mouse. Eight animals 
were injected: two male and two female C57 mice 
and two male and two female A mice. All animals 
were killed at the end of 18 hours, the organs re- 


moved, weighed, hydrolyzed, and their radioactiv- 
ity determined. 


RESULTS 


Table 1 shows, in percentages of the total in- 
cted radioactivity, the amount recovered per 
milligram of the testes, adrenals, liver, kidney, and 
‘pleen. It is obvious that all organs lie within a 
ya range of radioactivity. The least evidence 
" Concentration in the testes of radioactive bro- 


le 


mine of the administered estrogen was found in 
DBA males (0.0009 per cent/mg), the most in C57 
males (0.0015 per cent/mg). The averages for 
animals susceptible to testicular tumor formation, 
A and RIII males, lie between these extremes: 
0.0011 per cent/mg and 0.0012 per cent/mg. 
There is a suggestion in the figures that the radio- 


TABLE 1 


THE TISSUE LOCALIZATION OF RADIOACTIVITY 
FOLLOWING THE ADMINISTRATION OF 
TRIPHENYLBROMOETHYLENE-BR® 


Sex No. Testis Adrenals Liver Kidney Spleen 
C57 male 10 0.0015 0.0010 0.0012 0.0015 0.0013 
A 0.0011 0.0021 0.0009 0.0014 0.0012 
RIII “ . 0.0012 0.0016 0.0013 0.0018 0.0013 
DBA “ . 0.0009 0.0010 0.0009 0.0010 0.0008 


Percent of total injected radioactivity per milligram wet weight at 
22-23 hours. 


TABLE 2 


THE TISSUE LOCALIZATION OF RADIOACTIVITY 
FOLLOWING THE ADMINISTRATION OF 
TRIPHENYLBROMOETHYLENE-BR® 

counts/sec/mg tissue 


Specific activity bined 
Testes or Pitui- 
female organs tary Kidneys Adrenals Liver 
C57 mice 
male 0.87 0.57 8.07 0.75 0.47 
male 0.50 0.24 4.5 0.44 0.32 
female 0.93* 0.24 7.47 0.65 0.35 
female 1.88 0.47 8.45 0.97 0.44 
Ay 0.68 (testes) 0.38 7.13 0.70 0.39 
1.40( 9 organs) 
A mice: 
male 0.56 0.28 5.2 0.38 0.30 
male 0.69 0.24 5.5 0.49 0.32 
female 1.57 0.20 6.8 
female 0.77 7.0 0.61 0.34 
0.62 (testes) 0.24 6.1 0.49 0.32 
1.17( 9 organs) 
Data of Daudel et al.: 
Av. 
ovaries: 7.0 121 0.70 48 0.65 


activity in the adrenal and kidneys may be slightly 
higher than in the spleen, but these differences are 
not considered significant. 

In Table 2, based on the final experiment, the 
figures are expressed in a slightly different fashion, 
to conform with the published results of Daudel 
et al., whose findings are given at the bottom of 
the table for comparison. In this table the figures 
indicate the ratio of radioactivity in gonads, pitui- 
tary, kidneys, adrenals, and liver to that found in 
the blood. The testes contain one-half to three- 
quarters as much radioactivity as the blood, the 
ovaries three-quarters to almost twice that of 
blood, while in the pituitaries (in marked contrast 
to the findings of the French workers) the radio- 
activity averages only about one-third that of 
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blood. The values for liver are similar and those 
for adrenals a little higher. The radioactivity 18 
hours after the administration of triphenylbro- 
moethylene-Br®? was concentrated in the kidneys, 
with specific activities 5-8 times that of blood. 
We interpret this to mean that these organs are 
actively excreting the labeled estrogen. 


DISCUSSION 


While the present report must be considered a 
negative experiment, we consider it an important 
and significant one. Were selective absorption of 
a compound in any high ratio to be incontestably 
demonstrated, the means might be at hand for the 
easy destruction of organs showing such selectivity 
by the use of a radioactively labeled chemical. 
The literature pertaining to this question is 
meager. We have been unable to show any concen- 
tration of radioactive dibromoestrone in the or- 
gans of men or animals (11, 12), nor does radio- 
active stilbestrol seem to appear in significantly 
higher concentrations in the endocrine glands, 
uteri, or mammary glands of mice, dogs, or rab- 
bits (13). Slight concentration of estradiol la- 
beled with iodine-131 is reported by Albert, 
Heard, Leblond, and Saffran (1) in the breast, but 
there is some question as to how it got there. 
Possibly, subcutaneous administration may have 
had something to do with these findings. 

Obviously, the measuring of a concentration of 
a synthetic estrogen in the ovaries of 2-13 times 
that found in the blood and in the pituitary up to 
344 times that found in the blood, if true, would 
constitute a major discovery. Paterson, Gilbert, 
and Gallagher (9) attempted to confirm these ob- 
servations for the ovary in 1948 but were unsuc- 
cessful. We regret that our findings have also been 
negative, for the selective absorption of tri- 
phenylbromoethylene by the pituitary—if it oc- 
curred—would constitute such a useful tool and 
point a hopeful finger toward other similar valu- 
able methods of selective irradiation. 


SUMMARY 


1. Radioactive triphenylbromoethylene can be 
prepared with ease and with a high specific activ- 
ity. Other investigators have shown that this com- 
pound is a potent synthetic estrogen, the bromi- 
nated form being more estrogenic than tripheny]- 
ethylene itself. 

2. Because triphenylethylene on prolonged ad- 
ministration will cause the formation of Leydig- 
cell tumors in the testes of male mice of the A, 
JK, C, and RIII strains and will not do so in other 
strains such as C57 black, it was thought worth- 


while io determine whether this difference jn SUs- 
ceptibility to tumor formation could be related {, 
a differing specific affinity of testicular tissues In 
various strains for the synthetic estrogen. Our ob- 
servations that the radioactivity of the testes of 
four mouse strains, C57, A, RIIT, and DBA, do 
not differ significantly after the injection of radio. 
active triphenylbromoethylene suggest that there 
is no selective absorption of this material by tes. 
ticular tissue nor any difference in its local concep. 
tration in mice varying in their susceptibility to 
testicular tumor formation. 

3. Repetition of the experiments of workers at 
the Curie Institute fails to confirm their observa. 
tions that triphenylbromoethylene is concentrated 
to a high degree in the pituitary and adrenal 
glands. 
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Studies on the Metabolism, Distribution, and Excretion of 
2-p-Toluenesulfonamidofluorene-S” in the Rat*t 


Francis E. Ray AND Mary F. Arcust 


(Cancer Research Laboratory, University of Florida, Gainesville, Fla.) 


That 2-acetylaminofluorene (AAF) is a potent 
carcinogen when fed to rats was first established in 
1941 by Wilson, DeEds, and Cox (17). Since then, 
it has definitely been shown that AAF is capable 
of producing a variety of tumors in the animal 
body at numerous sites generally far removed from 
the point of application (2, 3, 8, 18). 

Recently, the preparation (12) and investiga- 
tion (9) of the radioactive forms, 2-acetylamino- 
fluorene-9-C14 and 2-acetylaminofluorene-w-C", 
have greatly extended our knowledge of the me- 


'tabolism of AAF. Among the conclusions estab- 


lished is that 6 per cent of the C1 ingested as 
2-acetylaminofluorene-w-C" is expelled as respira- 
tory CO, within 6 hours. This shows that deacety- 
lation of AAF in the animal body can take place. 

The observation by Morris e¢ al., (7) that 2- 
aminofluorene (AF) is also carcinogenic raised the 
question whether conversion to the free amine is 
a necessary prelude to tumor incidence. 

In general, the acetyl group is readily removed 
from aromatic amines. If the acetyl group of AAF 
could be replaced with groups which are less readi- 
ly hydrolyzed or not removed at all, the study of 
such derivatives would throw light on the subject. 
It was predicted that, if conversion to the free 
amine is a necessary step, the carcinogenicity of 
such derivatives would vary directly with the 
ease of removal of these groups. The benzoyl 
group is hydrolyzed with difficulty, while no 
enzyme is known to remove the tosyl group 
Accordingly, 2-benzoylaminofluo- 
rene _ 2-p-toluenesulfonamidofluorene were pre- 
pared. 


In harmony with our predictions, Morris! re- 
* This work was supported by the Anna Fuller Fund and 
Public Health Cancer Research Grant C-1356. 


t Presented at the Forty-second Annual Meeting of the 
~ragrse Association for Cancer Research, Inc., Cleveland, 
_ April 27-29, 1951 (Abstr., Cancer Research, 11:274, 


{With the technical assistance of Gilbert Bergquist and 
Shyne Marley. 


H. P. Morris, private communications. 


Received for publication June 4, 1951. 


ports that the 2-benzoyl compound is considerably 
less active than AAF, while the tosyl derivative is 
noncarcinogenic. 

Does the difficulty of hydrolysis of the tosy] 
group retard the absorption and metabolism of 
this derivative to such an extent that it is elimi- 
nated unchanged from the animal body? To en- 
deavor to answer this question we administered 
to rats and 
traced the compound by the radioactivity? in or- 
gans and excreta. We also examined the urine 
and feces to determine if the compound had under- 
gone metabolic change. 


MATERIALS AND METHODS 


Four-month-old Sprague-Dawley (Holtzman) 
strain rats with an average body weight of 350 gm. 
were employed. The 2-p-toluenesulfonamidofluo- 
rene-S® (TS*®AF) was prepared*® by the method 
of Cambell, Anderson, and Gilmore (4). The radio- 
active sulfonyl]! chloride used in this procedure was 
prepared by the method of Ray and Soffer (13). 
The TS*®AF (m.p. 157°-159° for the first and sec- 
ond experiments, m.p. 160°—161° for the third ex- 
periment) was used in the form of a coconut oil 
solution,’ 10 mg. TS®AF/ml oil. Administration 
was by stomach tube. Each rat was fasted 24 hours 
prior to receiving a 2-ml. dose of the TS*®AF- 
coconut oil solution and then permitted unlimited 
food (Purina Dog Chow) through the remainder 
of the experiment. The animals were allowed 
water at all times. 

Following treatment, each rat was placed in a 
specially constructed cage which facilitated the 
separation and collection of urine and feces 
samples and prevented the urine from coming in 
contact with the feces. The animals were kept in 
an air-conditioned room at 24° C., except in the 


2 Radioactive sulfur in the form of H2S*O, was obtained 
from the Oak Ridge National Laboratory on allotment by the 
Atomic Energy Commission. 


3 We are indebted to Dr. O. H. Borum for the preparation of 
the 2-p-toluenesulfonamidofluorene-S® used in this study. 


4 We wish to thank Proctor & Gamble Co. for the coconut 
oil used in this investigation. 
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case of the third experiment where unavoidable 
conditions necessitated keeping the animal at a 
room temperature of about 27° C. Feces samples 
were weighed immediately following collection and 
then air-dried. 

In the first experiment urine and feces samples 
collected for a 54-hour period were studied. The 
animal was deprived of food at 8 a.m., and the 
TS#*AF solution was administered at 8 a.m. the 
following day. The animal was under observation 
between the Ist and 12th hours, the 24th and 36th 
hours, and the 48th and 54th hours, during which 
intervals urine and feces were measured imme- 
diately on excretion. Collective samples for the 
12-hour periods between the 12th and 24th hours 
and the 36th and 48th hours were made. 

The animal of the second experiment was 
treated at 8 p.m., and urine and feces samples were 
collected as described above, but for the 12-hour 
periods alternate to those of the first run. At the 
66th hour this rat was anesthesized with ether and 
the pericardial cavity opened. The heart was ex- 
posed, the left ventricle was slit with scissors, and 
the heart was allowed to pump the blood into a 
graduated centrifuge tube containing 1 ml. of 
1.1 per cent sodium oxalate. The 5.7 ml. of blood 
collected was centrifuged to separate formed ele- 
ments from plasma. The total blood volume was 
calculated on the basis of 6.7 ml/100 gm body 
weight (6). The contents of the stomach, small in- 
testine, and large intestine, including the cecum, 
were obtained quantitatively, weighed, and air- 
dried. 

During the third run, individual urine and feces 
samples were collected for a 24-hour period. At the 
24th hour the blood and contents of the stomach, 
small intestine, and large intestine were removed 
as before. The liver and kidneys of this animal 
were also removed and weighed. 

The various samples and organs were then pre- 
pared for radioactivity determination in the fol- 
lowing manner. After drying, the samples of feces 
and stomach and intestinal contents were ground 
to a fine powder in a mortar. A suspension of each 
in 1 per cent sodium hydroxide (containing 5 drops 
of the wetting agent, Tergitol, to each 25 ml. of 
solution) was then prepared by mixing ina Waring 
Blendor for 30 minutes. Fifty ml. of sodium hy- 
droxide solution was used for each 10 gm. of 
sample. A few drops of capryl alcohol were added 
to prevent foaming. The suspension was allowed 
to stand 24 hours at 5° C. The mixture was then 
brought to room temperature and again agitated 
in a Waring Blendor. A 1-ml. portion was placed 
on a shallow aluminum planchet and allowed to 
dry at room temperature. The liver and kidneys 


were prepared one-half as concentrated by macer. 
ating the tissue in a Waring Blendor in the pres. 
ence of 1 per cent sodium hydroxide solution (25 
ml. of solution to 10 gm. of tissue). Planchets Were 
prepared from this suspension as described above 
One-ml. portions of the urine, blood plasma, od 
blood cell samples were plated directly on plan- 
chets. 

Radioactivity measurements were made in ay 
internal-type counter? with an efficiency of 45 pe 
cent. The TS*®AF had an activity of 49,7) 
counts/min/mg. Each sample was counted {: 
three 10-minute intervals, and the net counts per 
minute above background were recorded for each 
sample. 

The concentration of TS*AF in these sample 
was determined by direct comparison with stand. 
ard planchets prepared in the same manner and 
containing known concentrations of TS*®AR. 
Feces standards were used for determining the fe. 
ces, and stomach and intestinal contents; live 
standards for the liver, kidneys, and blood celk: 
and urine standards for the urine and blood plasma 
samples. In order to eliminate correction for the 
decay of S*, the standards were counted on the 
same day as the samples. 

The procedure used for the estimation of AF in 
the urine was the photometric method of Westfall 
and Morris (16), modified so as to permit estima- 
tion of both conjugated and free AF. Urine ob- J 
tained from an animal of the same strain and age 
to which 2 ml. of coconut oil had been admins 
tered was treated in the same manner as the et 
perimental samples and was used as a blank in the 
colorimetric analysis. Standards were prepared 
containing varying known concentrations of fresh: 
ly prepared AF (m.p. 127°) per milliliter of ume. 
Urine for the standards was obtained under the 
same conditions from untreated animals. The 
strument employed for the photometric analysi 
was a Beckman quartz spectrophotometer, mode 
DU. 

Material for the carrier experiments was 0b- 
tained in the following manner. The suspension of 
feces (experiment 3) in 1 per cent sodium hy: 
droxide was evaporated in air to dryness. A sample 
of TSAF which had previously been allowed to 
stand a comparable period of time in 1 per cent 
sodium hydroxide was found to be unaffected: 
The dried feces was then extracted with 10-1! 
portions of acetone until no activity was dete 
able in the residue. Ten mg. of the active resid 
obtained by evaporation of the acetone filtrate 
was successively recrystallized 8 times with 40 mg 


§Q-gas chamber and Nuclear Instrument and Chemica! 
Corporation Scaler, Unit Model 162. 
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 ofcarrier TSAF from 70 per cent ethanol. The ac- 
tive material from the urine was obtained by 
} evaporating the pooled urine samples to dryness in 
| air and extracting with three 10-ml. portions of 
F acetone and two 10-ml. portions of 70 per cent 
' ethanol. This was recrystallized with carrier 
' TSAF, as described for the material obtained from 
; the feces. Carrier experiments of the active materi- 
' alfrom the urine with sodium p-toluenesulfonate 
' were also carried out. The carrier compound and 
) active material were first refluxed together in 
| ethanol for 2 hours to bring about ion exchange. 
| The recrystallizing medium for this compound 
was 95 per cent ethanol. To test for radioactivity 
’ in the inorganic sulfate, benzidine sulfate was 
: precipitated from the pooled urine samples. 


RESULTS AND DISCUSSION 
The distribution of radioactivity in the organs 


and excreta of rats following administration of 
| TS®AF is given in Table 1. The first animal was 


cent. The liver had about 1 per cent and the kidney 
less than 0.1 per cent. The blood plasma now 
showed definite evidence of a low concentration of 
the compound, with none in the blood cells. This 
agrees with the findings of Morris and Westfall 
(10), since all the AAF detectable in the blood by 
diazotization was found in the plasma. The total 
S* activity accounted for in the third experiment 
was 106.0 per cent. This error on the positive side 
is just about the same as that of the preceding 
sample on the negative side. 

The peak in the elimination in the feces comes 
at 16 hours after administration. The amounts of 
radioactive material found in the urine at inter- 
vals following feeding of TS*®AF reach a maximum 
at about 6 hours and then gradually drop off. 
Morris and Westfall (11) found that the peak in 
the concentration of diazotizable AAF in the rat 
urine came at the 46-hour period. 

In Chart 1 a comparison of the distribution of 
TS®AF and AAF in the rat is made. The data for 


TABLE 1 


DISTRIBUTION OF RADIOACTIVITY IN THE RAT FOLLOWING ORAL ADMINISTRATION 
OF 2-p-TOLUENESULFONAMIDOFLUORENE-S® 
(20 mg. TS*AF in 2 ml. coconut oil) 


Rat No. 1, 54 HOURS 


Mg. Per Cent 
recovered recovered 
Urine 0.1 0.5 
Feces 13.4 67.1 
Stomach contents 
Small intestine contents 
Large intestine contents 
Blood plasma 
Blood cells 
Liver 
Kidney 
Total 13.5 67 .6 


observed for 54 hours, and it may be seen that, 
while 67 per cent of the material was excreted in 
the feces, only 0.5 per cent appeared in the urine. 

The time for the second animal was extended to 
66 hours. At the end of this time no radioactivity 
was detectable in the blood. There was a small 
amount of the material in the intestines, but none 
remained in the stomach. Over 90 per cent had 
heen eliminated in the feces and 0.4 per cent in 
the urine. A total of 92.4 per cent of the sulfur 
Was accounted for. 

Because the material had been completely 
eliminated from the blood at 66 hours, we ex- 
amined the distribution of TS*AF at an interme- 
diate time—24 hours. In this third animal, a little 
less than 0.3 per cent was eliminated in the urine 


| ind 63.7 per cent in the feces. Two per cent re- 


mained in the stomach, the small intestine con- 


famed 8 per cent, and the large intestine 30 per 


Rat no. 2, 66 HOURS Rat No. 3, 24 HOURS 


Mg. Per cent Mg. Per cent 
recovered recovered recovered recovered 
0.1 0.4 0.06 0.3 
18.1 90.6 12.7 63.7 
0.0 0.0 0.4 2.2 
0.1 0.5 1.7 8.4 
0.2 0.9 6.1 30.3 
0.0 0.0 0.01 0.06 
0.0 0.0 0.0 0.0 
0.2 1.0 
0.01 0.04 
18.5 92.4 21.2 106 


AAF was determined on the basis of diazotizable 
nitrogen (10, 11), on the activity of the C- 
labeled compound (9), and on mass spectrographic 
analysis of AAF-N® (5). 

After 16 hours Morris and Westfall (10) found 
7-25 per cent of the ingested dose of AAF still 
remaining in the stomach. At 24 hours we found 
about 2 per cent TSAF in the stomach, but none 
remained in this organ at 66 hours. 

Using a dose of 16 mg AAF/100 gm of rat, which 
was comparable to our dosage of TSAF, Morris 
and Westfall (11) found that 28-45 per cent was 
eliminated in the urine, as compared with 0.5 per 
cent of our material, at 24 hours. Using the radio- 
active AAF, the only results are available for a 
6-hour period, and here about 6—7 per cent of the 
material was recovered in the urine. The greatest 
part of this compound, 75 per cent, was still in 
the stomach. Over 1 per cent of the AAF was 
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found in the kidney, whereas less than 0.1 per 
cent of the tosyl compound was in this organ. This 
is to be expected, in view of the much higher pro- 
portion of AAF eliminated in the urine. 

The carrier experiments carried out on the ma- 
terial eliminated by the intestine showed it to be 
unchanged TSAF. Examination of the material 
excreted in the urine, however, showed that it had 
been metabolized, the original compound not be- 
ing present. 

When this urine was subjected to the modified 
diazotization and coupling procedure (16), it was 
found that free AF was present as 0.48 per cent of 
the ingested dose of TSAF. It is thus evident that 


PERCENT RECOVERED 
10 15 20 25 3060 65 70 75 


URINE 


FECES 


SMALL 
INTESTINE 


LAKCE 
INTESTINE 


TSAF BY 24 HOURS 
M0 AAF BY DIAZOTIZATION, I6 HOURS! 
AAF BY DIAZOTIZATION, 24HOURS 
AAF BY 18 HOURS 


03 O06 O39 12 PERCENT RECOVERED 


Cuart 1.—A comparison of the distribution of TSAF and 
AAF in the organs and excreta of the rat. The scale for the 
blood plasma, liver, and kidney recovery has been propor- 
tionally magnified. 


all the compound accounted for in the urine was 
in the completely hydrolyzed form. 

In an attempt to determine what other metabo- 
lite of TSAF was present in the urine, the urinary 
inorganic sulfate was precipitated as benzidine 
sulfate. No radioactive inorganic sulfate was 
present. 

The hydrolysis of TSAF would be expected to 
yield, in addition to AF, p-toluenesulfonate. Car- 
rier experiments carried out with this compound 
failed to establish its presence. Either before or 
after hydrolysis, the p-toluenesulfonic acid moiety 
was metabolized. Oxidation of an aromatic methyl 
group to the carboxy acid is a known metabolic 
process. It is possible that the other metabolite 
of TSAF is p-sulfobenzoic acid. 

Since these studies show that over 90 per cent 
of the ingested TSAF is excreted unchanged in the 
feces, it may be suggested that the compound is 
noncarcinogenic because it is not absorbed in sufh- 
cient concentrations by organs most likely to be 


attacked. The following facts, however, contradict 
this idea. The amount of radioactive AAF in the 
liver at 6 hours was 0.7 per cent, which is com- 
parable with the TSAF value (1.0 per cent) at the 
end of 24 hours. After 6 hours, however, Morris 
and Westfall (10) found only 0.2 per cent of the 
AAF in the liver by diazotization. This difference 
in the two values for AAF is significant. In the 
first case, the AAF was determined in terms of the 
C4. The second value is based on diazotizable AF 
available by extraction and hydrolysis. The fac 
that less is accounted for by the diazotizatioy 
method indicates that a substantial portion of the 
AAF in the liver is in a modified form. Thus, the 
carcinogenicity of AAF in the liver is not the re. 
sult of its concentration per se but is a conse. 
quence of the state of the compound in the liver. 
We find that the tosyl derivative is present in the 
liver in larger concentrations and for a longer period 
of time than AAF. If TSAF were capable of cancer 
production, it has sufficient contact with this or- 
gan to display this activity. One possible explana- 
tion for this lack of carcinogenesis is that the 
TSAF, unlike AAF, is a more stable compound 
and is not metabolized in the liver. 

Another noteworthy result is that the concen- 
trations of both TSAF and AAF in the blood plas- 
ma are equal. Morris and Westfall (10) report 
100 ug AAF/100 ml blood plasma, 16 hours after 
ingestion. We found this same level (100 ug TSAF/ 
100 ml blood plasma) even after 24 hours. 

The question still remains whether AF is the 
primary carcinogen, and whether conversion of 
substantial amounts of a derivative to the free 
amine is a necessary prelude to carcinogenesis. An 
objection to this theory is the evidence that AAF 
is the primary carcinogen. It is known that a 
variety of aromatic amines are acetylated in mvo. 
In addition, Wilson, DeEds, and Cox (19) report 
that in the rat AF isa slightly slower-acting carcin- 
ogen than AAF, a fact which would not at first 
be expected if AAF is active only through con- 
version to AF. In view of these facts, then, AAF 
could be considered the primary carcinogen, no 
matter in what form the AF was supplied, provid- 
ed that AF could be formed in vivo from the other 
derivatives. Yet even if this were the case, the 
necessity exists for the hydrolysis of a fluorene 
derivative to AF prior to acetylation. 

On the other hand, Morris et al. (9) have shown 
that AAF undergoes deacetylation in the animal 
body. Also, the lower activity of AF compared to 
AAF in the rat is not too indicative of primary 
AAF activity. Animals ingesting 2-diacetylammno- 
fluorene (di-AAF) develop tumors in a shorter 
time than is necessary for either AF or AAF (8), 
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It cannot be inferred, nevertheless, that di-AAF is 
the primary carcinogen! Moreover, the lower ac- 
tivity of AF in the rat may be due to solubility 
Jifferences. Since AF is considerably more soluble 
than AAF (15), it may be excreted more quickly; 
hence, the tissues are not exposed as long as with 
AAR, which is excreted at a rate depending on its 


hydrolysis to AF. Furthermore, Wilson et al. (19) 
point out that in the mouse AF is possibly more 


active than AAF, since it shows a slightly shorter 


period of incubation. 

From the evidence available at present, it does 
not seem possible to reach a conclusion in this mat- 
ter. One definite way this could be settled, how- 
ever, would be by feeding AF to dogs and deter- 
mining if it has a carcinogenic effect. Allison ef al. 
(1) have shown that AAF is carcinogenic in dogs. 
Acylase for acetylating aromatic amines is absent 
from dogs (14), but acetyl derivatives of aromatic 
amines can be deacetylated by oxidation. There- 
fore, AAF can go to AF, but AF cannot be con- 
verted to AAF. If AF proves carcinogenic in 
dog, it is unquestionably the primary carcinogen. 


SUMMARY 


The distribution of radioactivity was studied 
in the organs and excreta of the rat at 24-, 54-, 
and 66-hour intervals following oral administra- 
tion of a single dose of noncarcinogenic 2-p- 
toluenesulfonamidofluorene-S*. 

The amount found in the liver (1.0 per cent) 
and in the blood (100 ug/100 ml plasma) was com- 
parable to the amounts of 2-acetylaminofluorene 
found in similar experiments. The noncarcino- 
genicity of 2-p-toluenesulfonamidofluorene, there- 
fore, is not caused by insufficient concentration of 
the compound in the liver (a predominant site for 
2-acetylaminofluorene-induced tumors) or in the 
blood. Over 90 per cent of the ingested dose was 
found to be eliminated unchanged through the 
gastrointestinal tract. Only 0.5 per cent of the 
radioactivity was found in the urine. All the com- 
pound accounted for in the urine was in the form 
of 2-aminofluorene. This minute quantity of 
which undergoes 
metabolism contrasts with the relatively large 
amount, approximately 30 per cent, of the carcino- 


genic 2-acetylaminofluorene appearing in the 
urine. 
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Rous Sarcoma in Folic Acid-deficient Chicks 
Morphology and Bioassay™ 


E. A. C. AND P. A. LITTLE 


(Research Department of the Lederle Laboratories, American Cyanamid Co., Pearl River, N.Y., and the 
Departments of Pathology and Oncology, University of Vermont, Burlington, Vt.) 


INTRODUCTION 


Rous sarcoma in chicks which were on a folic 
acid-free diet, or which received certain of the 
folic acid antagonists in food or by parenteral 
injection, was either prevented or markedly in- 
hibited (5). The general pathology of chicks (6) 
and rats (7) with diet- or antagonist-induced folic 
acid deficiency was then investigated. The chief 
changes were in the bone marrow and the gastro- 
intestinal tract. In the marrow there was a tran- 
sient maturation arrest of all blood cell elements 
at the level of the stem cells with megaloplasia. 
This was followed by a total and profound aplasia. 
In the intestine there was, initially, a marked hy- 
dropic swelling of the mucosal epithelium which 
involved both cytoplasm and nucleus (Figs. 1 and 
2). This progressed to severe atrophy with asso- 
ciated ulceration and hemorrhage. The stomach 
invariably escaped this process. In the chicks the 
above changes were the same in the dietary or 
antagonist-produced deficiency, and recovery was 
seen when the deficient diet was supplemented 
with the vitamin. 

The purpose of this investigation was: (a) to 
compare the microscopic anatomy of the control 
and the inhibited Rous sarcoma; (b) to compare 
this to the marrow and intestinal changes seen in 
chicks with folic acid deficiency; and (c) to meas- 
ure, by means of a bioassay, the folic acid content 
of the tumor and of the host tissue in birds on con- 
trol, folic acid-free, folic acid antagonist-contain- 
ing diets and a folic acid-free diet supplemented 
with folic acid. 


MATERIALS AND METHODS 


A homogenized sample of Rous sarcoma cells 
was prepared by means of a Waring Blendor and 


* Presented in part at the Forty-seventh Annual Meeting 
of the American Association of Pathologists and Bacteriolo- 
gists, Madison, Wis., April 14, 1950. 

+ Present address: College of Medicine, University of Ver- 
mont, Burlington, Vt. 
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Ten Brock grinder. A suspension containing ap. 
proximately 10 mg. of tumor/0.25 ml of saline was 
then passed through a Berkefeld filter. One-half 
of 1 cc. of the filtrate was injected into the pectoral 
muscles of 120 1-day-old New Hampshire Red 
chicks. The down of the injection site had been 
removed previously. The birds of this series were 
divided into groups of 25-30 and were placed on 
the following regimes. 

Group 1.—Control, a commercial baby chick 
feed. 

Group 2.—A synthetic folie acid-free diet (its 
composition was described in a pre- 
vious report [5]). 

Group 3.—A commercial baby chick feed, as 
above, plus 80 mg. of 4-amino- 
pteroylaspartic acid mixed into each 
kilogram of feed. 

Group 4.—A synthetic diet, as above, plus a 
daily intraperitoneal injection of 
100 wg. of folic acid in aqueous solu- 
tion. 

A second series of 80 birds, on the same dietary 
regimes, was divided into 2 sub-groups of 10 each. 
One sub-group was inoculated with the tumor 
filtrate as above. The other received an injection 
of 0.5 cc. of saline only. . 

Two to four birds from each of the groups n 
the first series were decapitated on the 2d, 3d, 4th, 
7th, 10th, 15th, and 20th days of the experiment, 
and an autopsy was performed immediately. Mul- 
tiple blocks of the tumor or of the injection site 
as well as of the viscera, were taken for micro- 
scopic examination. The tissue was fixed in for- 
maldehyde-Zenker solution, imbedded in parafiin, 
and stained with hematoxylin and eosin, phospho- 
tungstic acid-hematoxylin, and Schorr’s modifica- 
tion of Masson’s trichrome stain. . 

All the animals of the second series were sact- 
ficed on the fifteenth day of the experiment and 
were examined at autopsy immediately. The 
tumors were dissected out with care, to exclude 
nonsarcomatous tissue. The pectoral muscles of 
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the saline-injected animals were also excised. The 
vield from each sub-group was pooled and stored 
in separate containers in dry ice until used. 
Weighed equal suspensions of the material were 
then assayed, with Lactobacillus casei as the test 
organism and folic acid as the standard. The 
method was that described by Teply and Elvehjem 
(4), except that Norit-treated peptone and DL- 
alanine were omitted from the basal media. 


RESULTS 


SERIES 1 


Group 1 (commercial feed).—Every bird showed 
a rapidly growing tumor with the characteristic 
infarction, hemorrhage, and myxomatous consist- 
ency. Microscopically, the typical cell was small, 
round, with a delicate, scant, homogeneous cyto- 
plasm, and finely distributed nuclear chromatin 
(Fig. 3). The cells were arranged in syncytoid 
masses. Mitoses were infrequent. Little or no reac- 
tive change was seen at the margins of the growth. 
Microscopic pulmonary metastases were found 
frequently. These showed the same features as the 
primary tumors. 

(Group 2 (folie acid-free diet).—For the first 7 
days, there was no gross evidence of tumor. How- 
ever, multiple sections of the inoculation site, at 
many levels, did reveal minute microscopic foci 
of tumor as early as the 3d day. Later in the ex- 
periment (15-20 days), a rare, very small, pale 
yellow, firm tumor nodule was detected. This is 
at variance with a previous observation (5), based 
on gross examination, that no tumor was found in 
chicks on a folie acid-free diet. 

Microscopically, from the earliest evidence of 
tumor to the end of the experiment, a uniform pat- 
tern could be discerned. As compared to the con- 
trol, the typical cell was much larger; it was round 
or polygonal. The cytoplasm was more abundant 
and dense. Centrally, it was coarsely granular, 
while the margin was vacuolated. The nucleus 
also was much larger. It was vesicular and con- 
tained a single dense nucleolus. Mitotic figures 
were seen with the same low frequency as in the 
controls. Phagocytosis by the tumor cells was 
common (Fig. 4). The older tumor (20 days) 
showed active proliferation of fibroblasts and 
capillaries. Collagen deposition was limited to the 
hormal-appearing young fibroblasts. There was 
also a peripheral accumulation of lymphocytes. 
Unexpected were two instances of. microscopic 
pulmonary metastasis. The same pattern as in 
the primary tumor was seen, except for the lack of 
reactive changes. 

Croup 3 (commercial feed with antagonist supple- 
ment).—The outstanding finding was the almost 


complete absence of tumor, grossly or microscopi- 
cally. From the fifteenth day on, three instances 
of a single microscopic focus were found. The pat- 
tern was identical in every respect to that seen in 
the diet-deficient group. 

Group 4 (folie acid-free diet plus folic acid by in- 
jection).—The tumor was recognized on inspection 
as early as 2 days after inoculation. Growth was 
distinctly more rapid and voluminous than in the 
control animals. The microscopic appearances 
were essentially identical to the controls, except in 
three animals sacrificed on the tenth, fifteenth, 
and twentieth days. In these there was little 
necrosis or hemorrhage in the tumor. It was firm 
and lobulated. The predominant histologic feature 
was compact fascicles of well preserved spindle 
cells with long delicate processes. The small round 
cells were also present but only in the few soft and 
partly liquefied areas. 

It may be emphasized that the above features 
were not exclusive in every detail. Individual cells, 
representative of each of the types described, could 
be found in any of the groups studied. On the other 
hand, the predominance of one pattern was strik- 
ingly constant for each group. 

A comparison of the cytologic alterations in the 
bone marrow and intestine of folic acid-deficient 
animals with those of chicks with inhibited Rous 
sarcoma revealed the following common features: 
a marked hydropic swelling of the cell (nucleus 
and cytoplasm), loss of chromatin detail, and ar- 
rest of growth. As is well known, this alteration, 
as judged by conventional stains, is not specific 
but is rather a common morphologic characteristic 
of various cellular disturbances. Levine (1), in his 
thorough investigation of the cytology of Rous 
sarcoma, described and illustrated the above noted 
large cells of slowly growing tumors in naturally 
resistant birds. Similar observations were made by 
Rous and Murphy (7). We have observed the 
same phenomenon in a few of a group of older 
birds, but never in baby chicks. 


SERIES II 


Bioassay.—The findings of this procedure are 
shown in Chart 1. It is to be noted that the tumor 
contains substantially more folic acid than the pec- 
toral muscle—the tumor site. In the presence of 
dietary folic acid deficiency, the concentration in 
the muscle is markedly reduced, while the high 
level in the tumor is maintained. On a folic acid- 
supplemented diet, there is increased concentra- 
tion in both muscle and tumor. However, the 
amount in the tumor is still relatively higher. In 
the presence of an antagonist the bioassay fails as 
a measure of folic acid content. 
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These findings are in accord with the observa- 
tions of Pollack (2), who, in a bioassay of a large 
series of human, rat, and mouse tumors, found the 
concentration of folic acid to be high in contrast to 
the other B vitamins. 


BIOASSAY OF FOLIC ACID CONTENT 


DIET FOLIC ACID 
MICROGRAMS Z GM. 
MUSCLE TUMOR 
COMMERCIAL MASH 0.9123 0.0250 
FOLIC ACID-FREE 0.0030 0.0244 
FOLIC ACID-FREE PLUS 
FA. IOMGM/KGM/DAY 0.0242 0.0409 
COMMERCIAL MASH 
PLUS 80 MGM/KGM./DAY INHIBITED INHIBITED 
4-AMINO- PTEROYL 
ASPARTIC ACID 


CuartT 1.—Folic acid content of Rous sarcoma tissue and 
of the pectoral muscles (the tumor site), as determined by 
bioassay, in chicks maintained on control, folic acid-free, 
folic acid antagonist-containing and folic acid-free diet supple- 
mented with folic acid. 


SUMMARY AND CONCLUSIONS 


1. The morphology of Rous sarcoma in chicks 
made folic acid-deficient by means of diet or an- 
tagonist was compared to the alterations in the 
bone marrow and gastrointestinal tract. 

2. Similar comparisons were made with birds 
on a control diet, as well as ona folic acid-free diet 
supplemented with folic acid. 

3. The folic acid content of the tumor tissue 
and of the pectoral muscle (the tumor site) was 


Fic. 1.—Normal chick duodenum. Hematoxylin and eosin. 
x 450. 


Fic. 2.—Chick duodenum after 7 days on a folic acid-free 


diet. Note the swollen cells, loss of chromatin detail, and dis- 
rupted configuration. Hematoxylin and eosin. 450. 


determined by means of a bioassay in animals op | 
the above regimes. | 
4. Folic acid deficiency is associated with | 
marked decrease in the growth of Rous sarcoma. 
5. This is characterized by a marked increase _ 
in the size of the tumor cell (nucleus and cyto- | 
plasm), hydropic swelling of the nucleus, and ap- 
parent concentration of the chromatin. : 
6. These features are also seen in the immature | 
cells of the bone marrow and the gland cells of the 
intestine of the deficient animals. | 
7. Rous sarcoma contains considerably more 
folic acid than the tissues of the tumor site. This 
relationship is maintained even in the presence of 
folic acid deficiency or folic acid excess in the diet. 
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Fic. 3.—Rous sarcoma in a control bird (15 days). Hema- 
toxylin and eosin. 

Fic. 4.—Rous sarcoma in a bird after 15 days on a folic & 
acid-free diet. Note the marked swelling of the tumor cells, 
loss of chromatin detail, and hydropic swelling of the nucleus. 
Hematoxylin and eosin. 450. 
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Tracer Studies on the Metabolism of the Gardner 
Lymphosarcoma 


IV. The Conversion of Lactate-2-C” to Alanine, 


Glutamate, and Aspartate by Tumor 
and Spleen Cells* 


SAUL Kit} AND Davip M. GREENBERG 


(Division of Biochemistry, School of Medicine, University of California, Berkeley, Calif.) 


INTRODUCTION 


Tumor metabolism is characterized by a high 
rate of lactic acid production under both aerobic 
and anaerobic conditions. Lactic acid probably 
represents a metabolic cul de sac. Since this sub- 
stance and its precursor, pyruvic acid, are nor- 
mally metabolized by way of the Krebs cycle, 
considerable interest has been focused in recent 
years upon the reactions of the citric acid cycle 
in tumor tissues. 

Early observations by Potter and Le Page (7) 
suggested that “oxalacetic acid oxidase”’ activity 
might be very low in tumor tissues. Recently, 
however, Weinhouse ef al. (11) have shown that 
C'‘labeled fatty acids are oxidized to in 
three mouse tumors and that quinidine citrate-C'4 
could be isolated from the reaction mixture. It 
was also shown by Weinhouse and co-workers (12) 
that the condensing enzyme, cis-aconitase, and 
isocitrie dehydrogenase were active in those tu- 
mors. Kit and Greenberg (4) obtained evidence 
indicating that the Krebs cycle was operating in 
the Gardner lymphosarcoma. The most recent 
work from the Wisconsin laboratories is in agree- 
ment with these findings (8). 

Radioactive carbon-labeled lactic acid provides 
an excellent tool with which to study this problem 


“Aided by research grants from the American Cancer 
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Public Health Service, and the Hobson Fund of the Cancer 
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University of Chicago, Chicago, II. 
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further. Experiments were therefore carried out 
which were designed to throw additional light 
upon the pathways by which lactic acid is me- 
tabolized in the lymphosarcoma cells and normal 
mouse spleen cells. Interesting differences between 
these tissues in the conversions of the labeled car- 
bon of lactic acid to alanine, glutamate, and aspar- 
tate were observed and are presented here. 


METHODS 


Female C3H mice, weighing 22-25 gm., were 
used. Food was withdrawn 3 hours prior to the 
time that the mice were sacrificed. The general 
methods used in the preparation of the cell sus- 
pensions from pooled tumors or spleens have been 
reported previously (3). In this study, cell sus- 
pensions were centrifuged for 5 minutes at 2,000 
r.p.m. in an International refrigerated centrifuge. 
The cells were resuspended and twice recentri- 
fuged, and in each case the bottom-most 0.2 ml.of 
packed cells were discarded. In this way, many of 
the erythrocytes which contaminated the spleen 
cell suspensions were eliminated, although it was 
recognized that the two washes were partially re- 
moving soluble components of metabolic sig- 
nificance. 

Incubations were conducted in Warburg flasks 
with 0.2 ml. of 20 per cent KOH in the center wells 
and 0.2 ml.-of 20 per cent trichloroacetic acid in 
the sidearms. The main compartment contained 
0.5 ml. of the cell suspension (100-150 X 108 cells) 
and 0.1 ml. of 0.009 m lactate (84,000 counts/min) 
or 0.1 ml. of a modified Krebs-Ringer phosphate 
solution. After 150 minutes at 37.5° C. with air 
as the gas phase, the incubation was terminated 
by tipping in acid from the sidearm. The further 
procedures in the washing of the tissues and the 
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preparation of the protein and respiratory CO, 
for radioactive assay have been described (3, 4). 

The alcohol, ether-alcohol, and ether washes 
were pooled, concentrated on a steam bath, trans- 
ferred to shallow aluminum cups, evaporated to 
dryness under an infrared lamp, and counted 
with a flow-gas counter. 

The trichloroacetic acid extracts and washes 
were pooled, extracted 4 times with ether, and 
then concentrated in vacuo to 5-10 ml. The con- 
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Cuart 1.—Fractionation of trichloroacetic acid extracts 
from incubations with normal spleen and lymphosarcoma cells 
on Dowex-50; solvent: 1.5 n HCl. Data plotted are of experi- 
ment 2 for the tumor and 4 for the spleen (see Table 1). 


centrate from each incubation was chromato- 
graphed on 120 cm. X12 mm. columns containing 
Dowex-50, 250-500 mesh, with the automatic 
fraction collector described by Peterson, Lien, and 
Greenberg (6).} 

The fractions (1.5—2 ml.) were collected in poly- 
ethylene cups, evaporated to dryness, and the 
radioactivity determined with a flow-gas counter. 
Standards were prepared in the polyethylene and 
aluminum cups in order to obtain values for self- 
absorption and other corrections. 

Lactic acid determinations were performed by 


1 The generous assistance of Mr. Oliver G. Lien, Jr., in the 
chromatographic methods is gratefully acknowledged. 


the method of Barker and Summerson (1), 
The lactate-2-C" used in these experiments was 
obtained from Dr. Bert Tolbert (University of 
California Radiation Laboratory) as the zine sal} 
and was freed from this cation by passage through 
a short column containing a cation exchange 
resin. 


RESULTS 


Chromatograms.—The peaks of radioactivity ob- 
tained after chromatographing with Dowex-50 are 
illustrated in Chart 1. The first 40-50 fractions 
contained a broad, high peak of radioactivity, 
caused by the unreacted lactic acid or by other 
acidic substances such as pyruvic and acetic acids. 
These cups were counted in only one experiment. 
Three amino acids were further verified by paper 
chromatography (Whatman No. 1) with butanol- 
water-acetic acid (100:50:22.5) and phenol-water 
(50 gm.:19 ml.) as the solvents. However, paper 
chromatograms from the aspartic and glutamic 
acid cups, run with the second solvent, each 
showed an additional weak spot containing radio- 
activity. These two spots were close to the origin 
and may have been due to acidic peptides. 

The total counts in each of the peaks are shown 
in Table 1. It may be noted that the pattern of 
radioactivity is strikingly different in the tumor 
incubations than in those of the spleen cells. In 
the tumor, radioactivity due to alanine was double 
that due to glutamic acid, while that due to aspar- 
tate was comparatively low. In the spleen cell 
incubations the radioactivity due to the aspartate 
was almost as great as that due to glutamate, while 
the alanine peak showed the least radioactivity. 
The tumor cells formed more alanine-C™ and 
glutamate-C!4 from lactate-C'4 than did_ the 
spleen cells. 

Endogenous lactic acid.—It was of interest to 
determine the extent to which endogenous lactic 
acid was diluting the radioactive lactic acid added 
to each flask. Analyses (4) showed that at the start 
of an incubation, the spleen cells contained ap- 
proximately 16 ug. of lactic acid, while the tumor 
cells contained about 60 yg. Since 80 ug. of lactate- 
C'4 was added to each flask, it was clear that this 
radioactivity was not significantly diluted by lactic 
acid from the spleen cells but that the dilution due 
to the lactic acid of the tumor cells was a factor of 
importance. It is also to be emphasized that, al- 
though the incubations were conducted aerobi- 
cally, the glycolytic formation of lactic acid by the 
tumor probably exceeded the formation of lactate 
by the spleen cells. 

Respiration.—In order to throw further light 
on the results, simultaneous observations were 
made on the oxygen consumption, 
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duction, and radioactivity of protein and lipid in 
the cells. In the four experiments in which oxygen 
uptake was measured, the average uptake per ex- 
perimental flask was 137 and 170 ul. for the spleen 
cells and 159 and 186 ul. for the tumor cells. The 
presence of lactic acid raised the oxygen consump- 
tion of the spleen cells 20 per cent but did not alter 
the respiration of the tumor cells. This may per- 
haps be attributed to the fact that the tumor 
cells already contained considerable lactic acid, 
as indicated above. 

Radioactivity in lipids and protein.—Lactic 
acid may be converted to lipids at an appreciable 
rate in liver tissue. Under the conditions of these 
experiments, however, the total radioactivity due 
to lipids was negligible in both the lymphosarcoma 
and spleen cells. It would therefore appear that 
this represents a minor pathway for disposing of 
the lactic acid by these cells. 


the spleen and Gardner lymphosarcoma. The O, 
utilization of the tumor cells was stimulated by 
succinic acid, and leucine-2-C!4 was also shown to 
be partially oxidized to C!4O2. The demonstration 
that lactate-2-C!! is oxidized to and that 
part of the radioactivity may be found in alanine, 
aspartic, and glutamic acids provides further evi- 
dence that the oxidations of the Krebs cycle pro- 
ceed to an appreciable extent in both the spleen 
and lymphosarcoma cells. 

Alanine contained less radioactivity than the 
dicarboxylic amino acids in the incubations with 
the spleen cells. This, coupled with the fact that 
about the same amount of radioactivity was found 
in the latter two amino acids, suggests that the 
enzymes which metabolized lactic acid to CO: 
were “harmoniously geared” in the spleen. This 
is further supported by our earlier experiments 
(4), since it was found that when spleen cells were 


TABLE 1 


DISTRIBUTION OF THE RADIOACTIVITY IN ALANINE, ASPARTIC, AND GLU- 
TAMIC ACIDS FOLLOWING INCUBATION WITH LACTATE-2-C'4 


Per cent of 


Glutamate added 


Exp. Tissue counts/min* counts 
1 Tumor 20,900 4.9 
2 Tumor 24,500 4.2 
3 Spleen 13,750 2.0 
4 Spleen 13,070 2.6 
5T Spleen 7,440 1.0 


Aspartate Alanine Ratio 
counts/min* counts/min* Glut.:Asp.: Alan. 
3,660 35,900 1:0.18:1.72 
4,440 55,100 1:0.18: 2.25 
10,430 9,480 1:0.76:0.69 
11,100 7,660 1:0.85:0.59 
7,180 4,640 1:0.97:0.62 
t3t 


* Counts per minute. The magnitude of the counts with the flow-gas counter is about 3 times as great 
as with the mica end-window tube reported in the previous papers of this series. 


t Incubated at 30° C. 


The radioactivity to be found in the protein is a 
function of the rate at which lactate is converted 
to amino acids. It was found that the labeling of 
the proteins increased throughout the incubation. 
The specific activity of the protein from the tumor 
cells was somewhat lower than that of the spleen 
cells. However, if one corrected for the dilution 
caused by the endogenous lactic acid produced by 
the tumor cell, one found that the incorporation 
into the proteins of the two cell types was approxi- 
mately equal. About equal rates of incorporation 
of radioactive alanine and glycine into the proteins 
of these cells were reported in a previous publica- 
tion (5). 

Respiratory C'4Oo.—In the experiments with the 
spleen cells, 15 and 18 per cent of the added radio- 
activity was found in the respiratory CO2. The 
figures for the lymphosarcoma were 10 and 19 per 
cent. Thus, both the normal spleen cells and the 


tumor cells oxidized lactate-2-C" to an appreciable 
extent. 


DISCUSSION 
Experiments already reported (4) indicated that 
acetate-1-C'4 was oxidized to C!4O, by the cells of 


incubated with oxalacetic and acetic acids, no cit- 
rate accumulated unless fluoroacetate was added. 
Thus, citric acid was being metabolized as rapidly 
as it was formed. On the other hand, when the 
tumor cells were incubated with acetic and oxal- 
acetic acids, citrate accumulated in the absence of 
fluoroacetate, and the addition of fluoroacetate in- 
duced only a small increase in citric acid. Thus, the 
tumor was apparently capable of forming citric 
acid more rapidly than it was able to metabolize 
it. 

Table 1 shows that 5 times as much radioac- 
tivity was found in the glutamate of the tumor as 
in the aspartate. An accumulation of both citrate 
and glutamate would be expected if the oxidation 
of a-ketoglutarate were the rate-limiting step in 
the Krebs cycle oxidations of the tumor cell. Ad- 
ditional data on the quantity of a-ketoglutaric 
acid formed and the a-ketoglutaric acid oxidase ac- 
tivity are required to ascertain whether this is 
correct. It is to be noted that the observed pattern 
of radioactivity in the lymphosarcoma amino 
acids would also be found as a consequence of 
several other factors: (a) a high glutamate content 
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which would serve as a trap when radioglutamate 
entered the glutamate pool, (b) a high level of 
glutamate-pyruvate transaminase activity in the 
tumor, (c) a low level of malic dehydrogenase in 
the tumor. 

Unfortunately, only limited data are as yet 
available concerning these points. Semiquanti- 
tative determinations of the free amino acid con- 
tent of mouse lymph nodes and lymphosarcoma 
tissue were reported by Roberts and Frankel (10). 
The paper chromatograms prepared by these in- 
vestigators indicated that the lymphosarcoma 
cells had much less aspartate, about the same 
amount of glutamate, and higher levels of alanine 
than the lymph nodes. As for transaminase ac- 
tivity, the reaction between alanine and a-keto- 
glutarate is apparently quite slow in lymph nodes 
and rat or guinea pig spleen (2). The reaction be- 
tween glutamate and oxalacetate is slowest in the 
spleen, among eight rat tissues (2). However, Red- 
field and Barron (9) have reported activity for the 
rabbit appendix which compares favorably with 
that of the rabbit kidney. 


SUMMARY 


When mouse lymphosarcoma or spleen cells 
were incubated with lactate-2-C"™, significant ra- 
dioactivity was found in the respiratory CO2. The 
only amino acids strongly labeled were alanine, 
glutamate, and aspartate; and the protein was also 
significantly labeled. Negligible radioactivity was 
found in the fats. In the spleen cells, the glutamate 
and aspartate contained almost equal radioactivi- 
ty, while the alanine was less radioactive. On the 
other hand, in the lymphosarcoma cells the alanine 


had twice as much radioactivity and the aspartate 
one-fifth as much as the glutamate. 


12. 
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Effects of Low Temperatures on Mammary Carcinomas 


with and without the Mammary Iumor 
Milk Agent 


L. W. Law 


WITH THE TECHNICAL ASSISTANCE OF Mr. J. H. MILuerR 


(National Cancer Institute, Bethesda, Md.) 


Recently, Gye and co-workers (12, 13, 17, 18) 
have published a series of reports indicating that 
sarcomas and carcinomas of mice, when frozen at 
—79° C. or when frozen and dried, retain the ability 
to induce, de novo, sarcomas in the connective tissue 
or carcinomas in the mammary tissues of the 
host—depending upon the tumor used. 

The observations of Mann (17, 18) are particu- 
larly pertinent to the present report. She subjected 
a series of spontaneous mammary carcinomas and 
a transplantable carcinoma of hybrid mice to a 
temperature of —79° C. for varying periods of 
time and studied their fate when transplanted into 
mice of the strain of origin of the tumor under in- 
vestigation. More than half the animals inoculated 
with frozen tumor mince developed tumors; these 
appeared in both males and females inoculated in 
the mammary gland region, but failed to appear 
following intraperitoneal inoculations. The follow- 
ing conclusions were drawn from this work: 
(2) Under normal conditions the mammary tumor 
milk agent is present in a latent form in the body 
of the mouse and is normally activated only after 
long continued action of estrin. Freezing of mam- 
mary carcinoma tissue at —'79° C., however, liber- 
ates the virus in its active form. (b) In the active 
form, the virus is shown to be “selectively infec- 
tive,’ inducing new tumors in mice of either sex 
when inoculated into mammary tissue but remain- 
ing inactive when inoculated into the peritoneal 
cavity. (ec) Evidence that the tumors produced 
were not transplants but true infections was report- 
ed to be demonstrated by the fact that the longer 
the mammary tumor tissue was subjected to low 
temperature, the greater was the percentage of tu- 
mors. Mann also reported that mammary car- 
cinomas could be produced by the injection of 
tumor material that had been frozen and dried (18). 

he interpretation given by Gye on the nu- 


Received for publication June 25, 1951. 


merous observations reported is of interest, since 
the results of ultrafiltration experiments with 
mammalian tumors, except mammary carcinoma 
in mice, have been consistently negative. 

The interpretation given by Mann of her re- 
sults is of interest, since they are at variance 
with results published by workers interested in 
the biologic behavior of the mammary tumor milk 
agent, especially the work of Bittner (17) and 
Andervont (1). It has been shown that the milk 
agent has the properties of a virus and remains 
active following filtration, lyophilization, desicca- 
tion and storage for long periods of time. When 
administered in cell-free extracts by numerous 
routes, mammary tumors deveiop in appropriate 
test mice in many different mammary gland sites 
and only after a latent period of many months. 
Mammary tumors do not necessarily develop at 
the site of parenteral administration, and tumors 
are not hastened in appearance when cell-free ex- 
tracts are given subcutaneously as compared with 
administration intraperitoneally. 

Several investigators have questioned the valid- 
ity of the prevalent interpretations (2-4) of these 
experiments. Hirschberg and Rusch (15) have com- 
mented on the interpretations in view of the nu- 
merous reports in the literature indicating survival 
of normal tissues and the growth of tumor tissue 
in tissue culture after freezing. Walsh et al. (23) 
have shown, using Sarcoma 37, that freezing at 
temperatures as low as —190° C. does not appre- 
ciably alter the latent period nor the morphologic 
characteristics, and they have demonstrated, sig- 
nificantly, apparent cell survival following freez- 
ing. 

A more positive approach to the question of 
virus etiology, especially in mouse sarcomas and 
carcinomas, has been made by investigators at 
the University of Leeds (10, 19, 20) and in mouse 
carcinoma by Bittner and Imagawa (8). It would 
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appear that the most important contribution by 
the Leeds investigators was the report that mouse 
sarcoma cells that were frozen and desiccated 
showed active growth in vitro after reconstitution 
in glucose (20). Bittner and Imagawa (8), using a 
transplantable mammary tumor of hybrid origin 
and one which arose in C3H mice, found that 
tumor tissue which had been frozen to —79° C. 
produced mammary tumors only in mice that 
were genetically susceptible to fresh tissue grafts 
of the tumor tested. Furthermore, it was shown 
that cell-free extracts of the frozen mammary 
tumor mince failed to induce tumors within the 
expected interval and that cell-free extracts of the 
frozen tissues «re no more active than extracts of 
the fresh tissue of the same tumor. 

The studies to be reported here are concerned 
with (a) the behavior in transplantation of a typi- 
cal mouse mammary adenocarcinoma known not 
to contain the mammary tumor milk agent, com- 
pared, according to the procedures outlined by 
Mann (17), to the behavior of a typical mammary 
carcinoma known to contain the milk agent; and 
(b) the behavior in transplantation, following 
freezing, of these two mammary tumors (with and 
without the milk agent) in mice of different genetic 
constitutions. According to the interpretations 
given by Mann (17), one would not expect induc- 
tion of tumors in appropriate test mice following 
the freezing of tumor material not containing the 
“latent” mammary tumor milk agent, since her 
thesis is based upon transformation of a “latent”’ 
to an “‘active”’ virus following freezing. Secondly, 
upon introduction of frozen tissue mince which, it 
is assumed, contains active virus, the tumors 
which appear should be induced in the mammary 
tissues of the host. That is, the tumor should be of 
the same genetic constitution as the host. An at- 
tempt is made here to identify the genetic consti- 
tution of the tumors arising in mice of different 
genetic constitutions in order to determine wheth- 
er they (a) result from transfer of living cells or 
(b) are actually induced by “active” virus. 


MATERIALS AND METHODS 


The mammary tumor designated MT-8! arose 
in a 16-month-old female mouse of the milk agent- 
free C3Hb line. Originally, this tumor showed 
large areas of reproduction of small mammary 
acini with evidence of solid structure in many 
areas. There was a high degree of keratinization 
at this time (Fig. 1). Following continuous pas- 
sage in C3Hb mice the squamous-cell elements 

1 The three mammary tumors which arose in mice of lines 
C38Hb, MT-8, MT-9, and E 5640 were obtained from Dr. W. 


E. Heston of this Institute. The first two tumors were from 
line 3 and E 5640 was from line 1, C3Hb mice. 


largely disappeared, and at the time this tumor 
(the thirty-fifth transfer generation) was used, it 
was typically of the adenocarcinomatous type 
(Figs. 2, 3). The origin and characteristics of the 
particular C3Hb mice in which this tumor arose 
have been described by Heston ef al. (14). Appro- 
priate biologic assays for the mammary tumor 
agent in numerous mammary tumors of this line 
have been consistently negative (14). Biologic tests 
for the presence of the milk agent were made at 
the second transfer generation of this tumor. Ty- 
mor tissue was minced, homogenized, and diluted 
1:5 by weight with saline. Following centrifuga- 
tion for 10 minutes at 3,000 r.p.m., the super- 
natant was filtered through a tested Berkefeld 
filter and injected (0.2 cc.) into B alb C (C) strain 
female mice 2-3 weeks of age. The eleven test ani- 
mals have remained tumor-free for 19 months. 
This tumor has been carried exclusively in agent- 
free C3Hb mice. It has grown progressively in all 
mice inoculated and kills in approximately 30 days. 

Mammary tumor L 1221 arose in a C3H breed- 
ing female, of the Fi; generation,? when 7 months 
of age. This mammary tumor was an adenocar- 
cinoma, the common type found in C3H mice. 
Large solid nests of cells were commonly found 
with evidence in some areas of reproduction of the 
acinar structure. It has been carried since its origin 
by serial transfer in C3Hb mice—that is, in mice 
free of the mammary tumor milk agent. It has 
grown progressively in all mice inoculated, killing 
in approximately 21 days. Biologic tests for the 
presence of the milk agent were made at the fifth, 
tenth, and twentieth transfer generations. A 20 
per cent Berkefeld filtrate in saline was injected, 
0.2 ec. intraperitoneally, into 2-3-week-old B alb 
C (C) female mice. Seventeen mammary tumors 
appeared in 31 test mice at an average age of 9.2 
months, with approximately equal distribution of 
tumors at each transfer tested. Tissue from the 
38th transfer generation was used in this exper'- 
ment. 

Mammary tumors MT-9 and E 5640 were both 
found to be inactive following the freezing pro- 
cedure used here. Both tumors arose in mI 
agent-free mice of the C3Hb line, and tumor 
filtrates from each failed to induce tumors in ap- 
propriate test mice. Tumor MT-9 closely re- 
sembled in structure tumor L 1221, an adenocarcl- 
noma with large solid nests of cells. Tumor E 5640 
contained many squamous-cell elements in the 

2 C3H strain mice were obtained from Dr. W. E. Heston, 
who, in turn, obtained the strain from Dr. H. B. Andervont. 
Fis indicates the number of brother X sister generations of 
inbreeding since the mice were obtained from Dr. Andervont. 


All C3H and C3Hb mice used in this study were derived from 
this source. | 
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original sections, but these disappeared upon con- 
inuous passage in line C3Hb mice. 

Test animals used for transplantation were 
(311b, milk agent-free mice, either those described 
hy Heston (14) or our own subline, in which a 
mammary tumor incidence of 11.1 per cent in 
breeding females (average age: 15.6 months) has 
been found. The F; hybrids were obtained by 
crossing RIL and C3Hb strains of mice. RIL mice 
were also used for testing at various transfer 
generations. All mice receiving frozen tumor mince 
were from 4 to 6 weeks of age. 

Tumor tissues were prepared according to the 
method of Mann (17). Tissue was removed asepti- 
cally, freed of any necrotic material, minced, and 
passed through a specially prepared Craigie 
mincer (9). Mineing of tissue was accomplished 


lations was 0.1 ce. per mouse. When two inocula- 
tions were given simultaneously, in the right and 
left axillary regions, 0.05 cc. in each region or 0.1 
cc. per mouse was given. This represents 0.05 ce. 
of tumor mince per mouse. 


EXPERIMENTAL RESULTS 

It can be seen (Table 1) that two mammary 
tumors, MT-9 and E 5640, were completely sus- 
ceptible to freezing. In preliminary tests, tumor 
L 1221, containing the milk agent, was also found 
to be inactive in transplantation following freez- 
ing at —79° C. for 24 hours, if the tissue mince 
was frozen quickly by immersion directly into the 
dry ice-cellosolve mixture. Passey and Dmochow- 
ski (19) observed that mammary tumors of mice 
apparently containing the milk agent, especially 


TABLE 1 
BEHAVIOR IN TRANSPLANT FOLLOWING FREEZING AT —79° C. OF SEVERAL MAMMARY TUMORS 


Trwor TRANS- STRAIN 

DESIG- FER OF MILK 

NATION USED MOUSE AGENT DILUENT 
L1221 G-38 C3H Present 5.3 percent glucose 
MT-8 G-35 C3Hb Absent 5.3percent glucose 
MT-9 G-20 C3Hb Absent 5.3 per cent glucose 
E5640 G-48 C3Hb Absent 5.3 per cent glucose 


DEATH 
TIME Rovutve or No. FROM 
FROZEN INOCU- Mice OF TUMOR 
(HRs.) LATION Sex No. Tumors* (pays) 
1, 24 Subcut. MandF 27 14 67.6 
(41-96) 
Intrap. M andF 8 0 
1, 24, 72 Subcut. MandF_ 33 29 70.9 
(50-1 31) 
Intrap. MandF 14 13 64.2 
(47-75) 
24, 96 Subcut.and MandF 28 0 
Intrap. 
1, 24, 96 Subcut.and MandF 51 0 
Intrap. 


* Indicates, throughout tables, progressively growing transplants causing death of host animals. 


by using first the coarse plunger and then the fine 
plunger. The mince was then diluted with an equal 
volume of 5.3 per cent glucose, sealed in glass am- 
pules, 3 ce. per vial, and then cooled slowly in a 
mixture of cellosolve and dry ice, the dry ice being 
added slowly so that approximately 10 minutes were 
required to reach —79° C. The vials were stored 
ina thermos jug which was in turn placed in a 
leep freeze. Ampules were removed one at a time 
as needed. As soon as the contents were thawed at 
room temperature, inoculations were done by use 
of a size 19 hypodermic needle. The amount given 
in single subcutaneous and intraperitoneal inocu- 


| ” The pressure mincer was machined by Mr. Laurence 
Cnsp, of the National Institutes of Health Instrument Shop, 
out of stainless steel, according to the design (7) and personal 
instructions from Craigie. In all preparations of tumor material 
the coarse plunger was used first followed by the fine plunger. 


-~ longitudinal grooves on the coarse plunger were 0.5 mm. 
“cep and 0.5 mm. wide; and the grooves on the fine plunger 


= 0.0625 mm. deep and 0.0625 mm. wide. There were thirty 
Oves 


plunger, 


in the coarse plunger and forty grooves in the fine 
triangular in cross section, and cut at an angle of 60°. 


those carried in transplant, were particularly sus- 
ceptible to freezing. Thus, it would appear that 
there is no direct relationship between absence of 
the mammary tumor milk agent and susceptibil- 
ity to freezing. 

Forty-three out of 47 C3Hb and RIL/C3Hb F, 
mice of both sexes developed progressively grow- 
ing tumors following inoculation of tumor MT-8, 
without the milk agent, frozen at —'79° C. for 1-72 
hours (Table 2). Subcutaneous masses developed 
at the site of transplantation (Fig. 2). Among four 
cases inoculated into both right and left axillary 
regions, all developed tumors on each side at the 
site of transplantation. Among the fourteen ani- 
mals receiving intraperitoneal inoculations, all of 
which resulted in progressively growing neo- 
plasms, tumor masses were observed free in the 
cavity with no evidence that these were connected 
to the peritoneum at the site of inoculation 
(Fig. 3). 

Following progressive growth of frozen MT-8 
tumor in RIL/C3Hb F;, hybrids, the tumor tissue 
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TABLE 2 was then transferred in five consecutive Passages 

DEVELOPMENT OF MAMMARY TuMors IN TesT Mice through RIL/C3Hb F, hybrid hosts. At the firg 
FOLLOWING INOCULATION OF FROZEN Tumor TissuE and last passages, inoculation into RIL and (3H) 
or C3Hb TuMor, MT-8 (WITHOUT THE MaMMary Strains and into RIL/C3Hb F, hybrids was ae. 


TUMOR MILK AGENT) complished in order to determine the genetic cop. 
Time stitution of the tumor tissue. It can be seen (Table 
FROZEN 4) that progressively growing tumors were ob. 
AT AGE No. Days 


tained in both C3Hb mice, the strain of origin of 


—79° C. rnoc. MiIcE INOCULATED TU- AT 
(wKs.) Route Sex Strain No. mons the tumor, and in hybrid mice, with tissue ob. 
1 46 Subcut. on. : : tained from the 24-hour and 72-hour Series, 

* 

4 The behavior at transplants of tumor L 1221, 
RIL/C3HbF, 38f 55.0 containing the mammary tumor milk agent, fol- 
Intrap. °¢ C3Hb 5 5 64.5 lowing freezing at —79° C. for periods of 1 hour 
72 4-6 Subcut. and 24 hours, is shown in Table 3. Ten progres. 
9 RIL/C3HbF, 3 82.0 Sively growing tumors were obtained in the 35 
“Intrap. 9 C3Hb 4 4 69.0 mice used in this experiment. The results obtained 


* Two in each group both left sides. On all mice which had received intr aperitoneal 
rogressively growing growths appeared at each site of transplant. : : . 

ta inoculations were negative for 120 days. The mean 

age at death from tumor was considerably longer 

than that observed for mice bearing untreated 


oo TABLE 3 tumor material. 
a | DEVELOPMENT OF MAMMARY TUMORS IN TEST MICE FOL- Tumor tissue which grew progressively in a hy- 
if LOWING INOCULATION OF FROZEN TISSUE OF C3H Tu- brid C3Hb/RIL F; male, inoculated with frozen 
MOR L 1221 (WITH THE MAMMARY TuMOR tumor mince in the 24-hour series, was transplant- 
o AGENT) | ed serially for five generations in C3Hb/RIL F, 
2 mei Davs hybrids. It can be seen from Table 4 that tumors 
wo, Were produced which caused the death of all 
C3Hb and C3Hb/RIL F, hybrid mice, but the 
is (urs.) (wxs.) Route Sex Strain No. mors tumor Yesults in RIL mice were negative. 
& 1 46 Subcut. 4 a : : a In contrast to the results of Walsh et al. (23), 
« RIL/C3HbF, 3 1. 84.0 Which indicated a loss in growth potential of frozen 
“  Intrap. C3Hb 4 0 Sarcoma 37 after subsequent passage, both tumors 
24 46 Subcut. 4 L showed, an increase 
« « * ‘» growth potential, as measured by mean surviva 
“ Intrap. 0 time, in subsequent passages after freezing 
* Carried serially in transplant. See Table 4. (Table 4) . 


TABLE 4 


FATE IN TRANSPLANTATION OF PREVIOUSLY FROZEN MAMMARY TUMORS MT-8 (WITHOUT MILK 
AGENT) AND L 1221 (WITH MILK AGENT) TUMORS CARRIED SERIALLY IN RIL/C3Hb F, MICE 


TRANSFER GENERATIONS 


1 2-4 5 

Mawm- No. No. No. 
MARY Strain No. tu- Days Strain No. tu- Days Strain No.  tu- Days 
TUMOR Expt. inoc. mice* mors death inoc. mice* mors death inoc. mice* mors death 
I C3sHb 3. 38 «61 C3Hb 
(24-hour RIL/C3HbF, 3 50 RIL/C3HbF, 9 9 42.0 RIL/C3HbF, 7 7 

tissue) RIL 3 0 RIL 7 #0 
MT-8 93.0 
II C3Hb 3 652.7 C3Hb 3 3 
(72-hour RIL/C3HbF, 3 3 55.0 RIL/C3HbF, 9 9 44.6 jRIL/C3HbF, 3 3 ™” 

tissue) RIL 3 0 RIL 3 «0 
I C3sHb C3sHb 7 #7 
L1221 (24hour RIL/C3HbF, 3 3 32.5 RIL/CSHbF, 9 9 51.8 RIL/C3HbF: 7 7 

tissue) RIL 3 0 RIL 7 #0 


* Mice of both sexes used. No sex differences noted among various groups. 
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DISCUSSION 


- Some neoplasms, notably a kidney tumor of the 
leopard frog, the Shope papilloma, and a series of 
sarcomas and lymphoid tumors of the fowl, have a 
virus as their causative agent. Thus, filtrates of 
such tumors when injected into appropriate hosts 
produce tumors morphologically similar to the 
original tumor. Filtrates have been found to be 
ineffective for most mammalian tumors, but many 
virus workers believe that only a quantitative dif- 
ference exists between tumors of the fowl, for ex- 
ample, and tumors of the mammal and that 
probably technical difficulties (either viruses of 
low titer or of high lability) prevent successful 
fltration of the spontaneous or transplantable 
tumors of mammals. Thus, in the work of Gye and 
associates, recourse has been taken in other tech- 
nics, and the burden of evidence rests on histologic 
observations, these workers contending that living 
cells are never found in their frozen or lyophilized 
preparations. 

It seems clear, especially as regards the mam- 
mary tumors of the mouse, that there are several 
critical tests available for determining whether 
Gye and associates were in fact dealing with 
“active” virus or were transmitting cellular mate- 
rial. We have attempted to apply two of these 
tests in the present work. 

Many influences have been found to be effec- 
tive in the etiology of mammary tumors in mice. 
One of these, the mammary tumor milk agent, has 
many of the characteristics of a virus. When given 
to appropriate test mice, as a cell-free filtrate, 
mammary tumors appear after a fairly long latent 
period, usually at least 6 months. The tumors ap- 
pear at random among the various mammary 
glands, they do not necessarily arise at the site of 
parenteral injection, and administration of the 
material subcutaneously, thus near the site of the 
mammary gland, does not accelerate the appear- 
ance of tumors in comparison with administration 
intraperitoneally. It has also been found (14) that 
Iammary tumors will appear, especially among 
breeding females, in a line of mice, C3Hb, which 
has been freed of the agent by removing a litter 
by cesarean section and foster-nursing on a milk 
agent-free strain, C57 black. Standard biologic 
tests for the presence of the milk agent in a large 
‘eries of mammary tumors arising in these strains 
have been consistently negative. 

: If Mann (17) is correct in assuming that an 
active” milk-agent virus is liberated following 
freezing and that this virus then induces mammary 
cancer in a matter of days, it would not be ex- 
pected then that mammary tumors such as MT-8, 


free of the virus, would induce tumors in test mice 
following the technic employed by her. Since 
frozen tissue of tumor MT-8 induced 34 tumors in 
37 mice in either subcutaneous tissues or in the 
peritoneal cavity, it would seem that the assump- 
tion is not correct. This does not necessarily rule 
out the possibility of induction of mammary tu- 
mors by an agent other than the mammary tumor 
milk agent. 

A more critical appraisal of Mann’s assumption 
can be made by studying the behavior in trans- 
plants of tumors arising in mice of known genetic 
constitution following the inoculation of frozen 
tumor mince. This has been done with the MT-8 
tumor, without the milk agent, and with tumor 
L 1221 containing the agent. It is known from nu- 
merous studies (6, 16), using different morphologic 
types of tumors, that susceptibility to transplan- 
tation is determined by multiple dominant genes 
which have been designated “histocompatibility 
genes” (21). Certain of these genes determining 
susceptibility have been located in specific chro- 
mosomes of the mouse (11). Thus, it can be shown 
that tumors which arise in an inbred strain of 
mouse will grow progressively only in individuals 
of that strain or in F, hybrid animals having as 
one parent the strain of origin of the neoplasm. 
Tumors arising in mice of an F; generation grow 
progressively only in mice having that specific F; 
genetic constitution, and growth does not occur 
in either of the parental strains used in producing 
the F, hybrid (5). The F; hybrid received histo- 
compatibility genes (determining tumor suscepti- 
bility) from each of the parents, and thus resist- 
ance to tumor transplants would be expected in 
each of the parent strains, since neither would or- 
dinarily possess the necessary histocompatibility 
genes of the other strain. If an activated virus is 
responsible for induction of mammary tumors in 
mammary epithelium, such neoplasms would then 
be of the same genetic constitution as the host 
animal. Neoplasms arising in RIL/C3Hb F, hy- 
brids, used here, would be F; tumors and would 
grow progressively only in mice of the specific 
RIL/C3Hb F;, cross. If living tumor cells are in- 
oculated, following freezing, the tumors which 
arise should be of the same genetic constitution 
as the strain of origin—in these experiments, C3H 
strain (or C3Hb line). Serial transplants of two 
separate tumors of MT-8 and of one tumor of 
L 1221, which arose in RIL/C3Hb F, hybrids 
following transfer of frozen tumor mince, have 
grown progressively when tested in either C3H 
(C3Hb) mice or in the F; hybrids, RIL/C3Hb F;. 
This constitutes proof that the tumors in question 
resulted from the transfer of living cells. 
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SUMMARY 4. Anonymous. A Virus in Mouse Cancers? (Editorial). By 
F lantabl f th M. J., 2:270-71, 1949 on 
r transplanté mammary tumors of t 
y —79° C 5. Bitrner, J. J. A Genetic Study of the Transplantation of 
Tumors Arising in Hybrid Mice. Am. J. Cancer, 15: 9999- 
a lowing the technic of Mann, for varying periods of 47, 1931. 
ae time. Two of these failed to elicit progressively 6. . A Review of Genetic Studies on the Transplants. 
| growing tumors in test mice. tion of Tumors. J. Genetics, 31:471-87, 1935. 
Cancer in Mice. A.A.A.S. Research Conference on Cancer 
milk agent, produced progressively growing tu- pp. 63-96, 1945. 
mors in C3Hb and in RIL/C3Hb F, hybrid mice 8. Birrner, J. J., and Imagawa, D. T. Assay of Frozen 
following inoculation of tumor mince. No growths Mouse Mammary Carcinoma for the Mammary Tumor 
appeared following intraperitoneal transfer. Milk Agent. Cancer Research, 10:759-50, 1950. 
Mammary 9. Cratiaie, J. A Pressure Mincer for the Preparation of Ty. 
mour Suspension. Brit. J. Cancer, 3: 249-50, 1949, 
the tumor milk agent, also produced 10. Dmocnowsk1, L., and A. Cellular Transmissioy 
progressively growing tumors at the site of inocu- of Mouse Sarcomata with Frozen-dried Tumour Tissues, 
lation in C3Hb and in RIL/C3Hb F, hybrid mice Brit. M. J., 2:1136-38, 1950. 
following inoculation of the thawed tumor mince. 11. Gorse, P. A.; Lyman, 5.; and Swat, G. D. Studies on the 
Genetic and Antigenic Basis of Tumor Transplantation. 
P Linkage between a Histocompatibility Gene and ‘Fused’ jy 
intraperitoneal inoculations produced massive Mice. Proc. Roy. Soc., s. B., 135:499-505, 1948. 
growths. 12. Gyr, W. E. The Propagation of Mouse Tumours by Means 


Each tumor was tested periodically, following 
initial growth in an F, hybrid, for its ability to 
grow in mice of C3Hb and RIL strains and in 
RIL/C3Hb F, hybrids. Progressively growing 
tumors were obtained in both C3Hb and RIL/ 
C3Hb F, hybrid mice but not in RIL strain mice. 

These results are interpreted to mean that: (a) 
The “‘active” form of the mammary tumor milk 
agent is not the causative agent in producing tu- 
mors following inoculation of frozen tumor mince. 

(b) There was found to be no evidence of “‘selec- 
tive infectivity” of the milk agent in the experi- 
ments reported here. 

(c) Living tumor cells were actually transferred. 
The transplantation characteristics for both mam- 
mary tumors used in this study were those ex- 
pected of strain C3H tumors, the strain of origin, 
and not those expected of tumors induced in F, 
hybrid mice by an “‘active” agent. 
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Fig. 1.—Original MT-8 tumor. Adenocarcinoma, with evi- 
dence of reproduction of mammary acini. Some stratified 
squamous epithelium present in original tissue. < 200. 


Fic. 2.—First transplant of tumor MT-8 following freezing. 
Subcutaneous growth in C3Hb mouse. 200. 

Fia. 3.—First transplant of tumor MT-8 following freezing. 
Intraperitoneal growth in C83Hb mouse. X 200. 
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Studies on the Effect of 8-Azaguanine on 
Sarcoma 37 in Mice’t 


Murray FINKELSTEIN AND PAuL A. THOMAS 


(Department of Pharmacology, the George Washington University School of Medicine, Washington, D.C.) 


Since the observations of Kidder et al. (8) that 
g-azaguanine selectively inhibits the development 
of three types of mouse neoplasms, many investi- 
sators have examined the carcinostatic power of 
this compound on a variety of cancer tissues in 
different animal species. It has been found that 
Sazaguanine is active against many additional 
malignant neoplasms (5, 6, 9, 10, 14, 16) but 
produces little or no effect on others (3, 5, 6, 9, 10, 
15, 16). Some investigators (5, 8) have reported a 
lack of toxicity in the host at doses that inhibit 
tumor growth; others (6, 16) have not observed 
a well defined separation of the tumor inhibitory 
action of 8-azaguanine from systemic effects of 
the compound as manifested in reduced food in- 
take, weight loss, leukopenia, morphological 
damage, and death. Few or insignificant histo- 
logical changes in tumors inhibited by 8-azagua- 
nine have been reported. Kidder et al. (8) reported 
that it did not cause the death of E 0771 cells in 
(57 mice but only checked their growth. Sugiura 
and his associates (16), who also examined the 
ellect of 8-azaguanine on E 0771 in C57 strain mice, 
observed small islands of active tumor tissue sur- 
rounded by gelatinous edema and necrosis. The 
most strikmg tumor damage was reported by 
Gellhorn et al. (5) and by Shapiro and his asso- 
clates (14), who examined the histological changes 
induced in the Brown-Pearce carcinoma in rabbits. 
They observed that the tumor cells of treated 
rabbits were larger and fewer in number (5, 14), 
contained condensations of nuclear material in 
regular clumps (5), and that the mitotic index 
was markedly reduced (14). While Shapiro et al. 
‘l4) also demonstrated that the mitotic indices 
of the intestinal epithelia and of the testes of 
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treated rabbits were not affected, indicating a 
possible selective action of the drug, this inhibi- 
tion of tumor growth was not completely dis- 
sociated from toxicity in the host, inasmuch as 
there was an appreciable loss in body weight. 
There were no evident cytological changes in other 
malignant neoplasms (5). 

The present study involves an exploratory 
examination of the growth and morphological 
changes of Sarcoma 37 in CAF; mice treated with 
8-azaguanine and the effects of this compound 
on the host. 


MATERIALS AND METHODS 


Aseptic mashes of the rapidly growing Sarcoma 
37, prepared according to the method described 
by Leiter e¢ al. (11), were implanted into the right 
thigh muscles of CAF, strain mice, 15-22 gm. in 
weight. For each experimental group there was 
a comparable group of untreated control mice 
bearing implants of the same tumor generation. 
Tumor volumes were estimated by caliper meas- 
urements in three dimensions and are reported 
here as the average increase in size expressed in 
cubic centimeters. The effect of the drug on tumor 
growth was graded as follows: (++), (+), (+) 
and (—) which corresponds, respectively, to an 
increase in size of 4 (marked inhibition), from 4 
to (moderate inhibition), from to (slight 
inhibition) and # or more (no effect) the increase 
in size of controls, respectively. Variations in con- 
centrations of injected tumor mash accounted for 
the variation in size of control tumors between 
experiments (Chart 1). Within any one experi- 
mental series the mash concentration injected was 
relatively constant. Every mouse was weighed 
daily, observed for signs of systemic toxicity, 
examined at autopsy at the termination of an 
experiment, and each tumor was routinely exam- 
ined for gross changes. Representative tumors 
and viscera were fixed in 10 per cent formalin or 
Zenker-formol solution; sections were stained with 
hematoxylin and eosin and evaluated histo- 
logically. 
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The mice received Purina laboratory pellets 
and water ad libitum. 

Tumor age at the time of initiation of pro- 
longed therapy varied from 0 to 5 days; in mice 
that received a single dose, the tumors were 
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Cuart 1.—The effect of 8-azaguanine on tumor growth. 
Blocked figures within columns indicate number of mice in 
each group and do not include mice that died during the course 
of the experiments. (Four mice receiving initial doses of 
500 mg/kg died as did three receiving 150 mg/kg/day and 
one receiving 175 mg/kg/day.) ‘““Tumor Age’’ refers to age at 
time of initiation of therapy. The figure in parentheses indi- 
cates an initial dose of 500 mg/kg followed by daily doses of 
100 mg/kg/day; in this group the initial tumor size was esti- 
mated 48 hours after tumor transplant. | 


5-7 days old. At this time they showed little or 
no necrosis, except for the original implant. While 
necrosis occurs spontaneously in Sarcoma 37, this 
should not be confused with induced necrosis that 
was observed in mice undergoing 8-azaguanine 
therapy. 


The 8-azaguanine was synthesized, with modi- 
fications, according to the method of Roblin e¢ al. 
(13). Analysis by counter-current distribution 
indicated more than 95 per cent purity, and the 
ultraviolet absorption spectrum was _ identical 
with that described by Cavalieri et al. (4). Stock 
solutions were made in 0.25 N (or less) NaOH, 
prepared freshly at least once each week. Re- 
quired dilutions of the drug were made in distilled 
water, so that the dose for injection was contained 
in 0.02 cc. per gram of body weight (volume 
equivalent to 2 per cent total body weight); this 
dose was administered subcutaneously into the 
axilla contralateral to the tumor implant. 

In several experiments, control mice were 
divided into two groups. One group received 
NaOH of the proper dilution subcutaneously, 
while the other received none. There was no essen- 
tial difference between these groups, and the 
results were, therefore, combined. Similarly, sex 
did not influence the effect of the drug on the 


tumor or the host; consequently, the results ob. 
tained with these two groups were also combined. 


RESULTS 


Effect on tumor growth.—The average resylts 
from 195 mice undergoing 8-azaguanine therapy 
at different dose levels in which drug administra. 
tion was initiated at different time intervals 
after tumor transplant are summarized in Chart | 
and Table 1. It can be seen that at certain dose 
levels of 8-azaguanine there was relatively signif. 
cant tumor inhibition. The tumor, however, was 
not destroyed or completely inhibited, inasmuch 
as there was progressive but very slow growth. 
Moreover, following termination of treatment 
with a dose of 175 mg/kg/day, tumors in mice 
that were not sacrificed grew rapidly and ap. 
proached the size of controls. This observation is 
in accord with the findings of other investigators 
(5, 8, 16), who demonstrated growth inhibition of 
different malignant neoplasms. 

At a dose of 100 mg/kg/day, the effect was no 
greater than “slight inhibition” regardless of 
whether therapy was initiated on the day of tumor 
transplant or up to 5 days later. Nevertheless, 
this effect in experiments 2 and 4 was statistically 


TABLE 1 


EFFECT OF 8-AZAGUANINE ON BODY WEIGHT, 
SPLEEN WEIGHT AND ON GROWTH OF 
SARCOMA 37 IN CAF; MICE 


Average Spleen 
change _ weight 
Total body (per cent 
Exp. Dosage daily dosage weight body Tumor 
no. (mg/kg) (mg/kg) (gm.) weight) inhibition* 
1 100 400 +0.1 a 
0 0 +0.2 
2 100 500 —0.1 0.54 + 
0 0 0.0 0.98 
3 100 700 —2.3 0.75 * 
0 0 —0.8 1.17 
4 100 600 —2.6 0.83 + 
500+100+ 1,000 —3.8 0.55 ++ 
0 0 —1.1 1.50 
5 150 600 —2.4 . 0.60 + 
0 0 —1.7 1.17 
6 175 700 —3.0 0.69 + 
0 0 —0.2 1.40 
0 0 —1.8 1.41 


* The grading of tumor inhibition is described in the text. 

t Initial dose of 500 mg/kg followed by daily doses of 100 mg/kg. 
t Controls without NaOH. 

§ Controls received injections of NaOH. 


significant (probability <0.01). Doses of 150 and 
175 mg/kg/day produced statistically highly sig- 
nificant “moderate inhibition.” It is interesting 
to note that the total doses (600-700 mg/ kg) ad- 
ministered at this dose level (150 and 175 mg/kg 
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day) were similar to the total doses (400-700 
mg/kg) administered at the lower level (100 
mg/kg/day) but that the former was more effec- 
ive. Furthermore, even though the lower level 

therapy was initiated on the day of tumor trans- 

BB plant, as compared to the later initiation of 
therapy at the higher dose level, the effect was 

| only relatively slight. 

| Effect on host.—Mortality due to drug toxicity 

was comparatively low, as indicated in Chart 1. 

Table 1 indicates that there was a loss in body 
weight, during the period of therapy, in both con- 
trol and treated mice. This observation was closely 
associated with anorexia that developed in mice 
that received daily subcutaneous injections of 

\aOH. There was essentially no change in weight 

in untreated control animals (Table 1, exp. 6). 

Anorexia and loss in body weight were apparent- 
ly due in part to NaOH injections. This observa- 
tion was made in both normal and tumor-bearing 
| mice, as is demonstrated in Chart 2. During the 
24-hour period following a single subcutaneous in- 
ft ie jection of 500 mg/kg of 8-azaguanine in NaOH, or 

NaOH alone, there was marked anorexia in both 

normal and tumor-bearing mice. Intraperitoneal 

injections of a similar dose of the drug in water 
caused but slight anorexia. Essentially complete 
recovery was evident within 48 hours; however, 
the weight loss (up to 19 per cent) of both normal 
and tumor-bearing mice that received 8-azagua- 
nine in NaQH was comparable to mice deprived 
of food for 48 hours and water for 24 hours. On the 
second post-injection day, mice that received the 
. drug intraperitoneally in water showed a lesser de- 
nt gree of weight loss (approximately 10 per cent), 
comparable to the NaOH -treated controls. On the 
third or fourth post-injection day, the body weight 
of both drug and NaOH-treated normal and 
tumor-bearing mice and of those deprived of food 
began to rise steadily toward that of the untreated 
controls. The slight loss in weight observed in 
’ ‘ome untreated controls may possibly have been 
ue to environmental conditions in the laboratory. 
There were no signs of diarrhea or other toxic 
manifestations in this group of mice or in those on 
‘ protracted course of 8-azaguanine treatment. 
In both the treated and control mice there was 
‘ gelatinous edema which was limited to the site 
of injection, and after multiple injections there 
often developed an ulceration. These effects, which 
Vere apparently due to the relatively high concen- 
- ‘ration of NaOH, regressed when therapy was 


sig- erminated. Moreover, there was no apparent cor- 


relation between these effects and tumor damage 


by the drug. 
kg! The most striking gross effect of repeated doses 


of the drug on the host was a diminution in the 
size of the spleen of both normal and tumor-bear- 
ing mice, which amounted to approximately 50 per 
cent of the size of control spleens (Table 1). This de- 
crease in spleen size was seldom seen after a single 
dose of 500 mg/kg. In addition, there was a pro- 
nounced discoloration of the spleen on repeated 
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Cuart 2.—The effect of a single dose of 500 mg/kg of 
8-azaguanine, NaOH, and starvation on weight of normal 
and tumor-bearing mice; five mice in each group. 


drug administration, particularly after the higher 
doses. Whereas the control spleens exhibited the 
usual healthy red color, the discolored spleens of 
treated mice were brown and often translucent in 
appearance. Many of the adrenal glands (18 per 
cent) of mice that received 175 mg/kg daily were 
similarly brown in color and often translucent, in 
contrast to the opaque light color of control adrenal 
glands. This was not observed in mice receiving 
daily injections of the lower doses. 


met 
iz 
Cok 
: 
gt 
ig 
+ 
pe 
4 
4 
4 
t 
ing? es 
ee 
= 


= 


Sif 


804 Cancer Research 


No gross changes were apparent in the stomach, 
intestines, pancreas, mesentery, kidneys, lung, 
liver, heart, or brain of 8-azaguanine-treated mice. 

Morphological tumor changes.—Gross tumor 
changes were prominent in treated mice. Doses of 
150 and 175 mg/kg/day produced a distinct dif- 
fuse pink color throughout the tumor mass, in 
contrast to the light color of the controls. The 
color was less in those mice that received 100 
mg/kg/day. After doses of 175 mg/kg/day, there 


TABLE 2 


THE EFFECT OF A SINGLE DOSE OF 8-AZAGUANINE ON THE 
MITOTIC RATE OF SARCOMA 37 IN MICE* 


ConTROL 8 AZAGUANINE 
Exp. Cells/ Mitoses/ Per cent Cells/ Mitoses/ Per cent 
NO. hpft hpf mitoses hpf hpf mitoses 

1 792 9 1.14 §21 0 0.00 
709 5 0.70 480 Q 0.42 

722 4 0.55 428 1 0.23 

780 12 1.54 388 1 0.26 

787 8 1.02 387 2 0.52 

Mean 758 7.6 0.99 441 1.2 0.29 
2 763 10 1.31 428 0 0.00 
720 3 0.42 762 0 0.00 

772 4 0.52 409 0 0.00 

803 8 1.00 680 4 0.59 

782 8 1.02 467 0 0.00 

Mean 768 6.6 0.85 549 0.8 0.12 
4 970 15 1.55 595 0 0.00 
768 7 0.91 655 1 0.15 

848 7 0.82 413 0 0.00 

709 12 1.69 306 2 0.65 

744 7 0.94 654 1 0.15 
Mean808 9.6 1.18 525 0.8 0.19 
4 791 12 1.52 809 2 0.25 
858 5 0.58 380 3 0.79 

797 7 0.88 614 Q 0.32 

779 11 1.41 166 0 0.00 

785 10 1.27 572 0 0.00 

Mean 802 9.0 1.13 508 1.4 0.27 


* Tumor removed 24 hrs. after a single dose of 500 mg/kg; areas counted 
were chosen at random. 


t hpf = high-power field. 


were also necrotic areas which were not grossly 
apparent in the controls of this group. Gross tumor 
damage was seen within 2-6 hours, with the most 
striking damage observed 24 hours after a single 
dose of 500 mg/kg. This was similar in appearance 
to that seen after a single effective dose of podo- 
phyllotoxin (11). The tumors were soft and dif- 
fusely hemorrhagic and often appeared complete- 
ly hemorrhagic except for occasional islands of 
apparently unaffected tissue. This damage was 
apparently reversible, inasmuch as progressively 
less damage was observed on subsequent days. 
The gross tumor damage and the inhibition of 
tumor growth by 8-azaguanine were closely asso- 
ciated with marked histological changes in the tu- 
mor. Examination of a tumor excised 24 hours after 


a single dose of 500 mg/kg (Figs. 1 and 2) revealed 
relatively few undamaged cells, but most of the 
tumor showed marked vascular damage, hemor. 
rhage, and stasis along with pronounced celhyla; 
degeneration. Cytoplasmic damage was evidenced 
by eosinophilia, vacuolization, retraction, and dis. 
integration. The changes observed in the nucle; 
were of several types: (a) pyknotic, clumped chro. 
matin granules; (6) swollen, often fading nuclei, 
with disorganization or loss of distinct granules: 
(c) karyorrhexis, chromatin dust, nuclear debris: 
and (d) distortion of most of the visible mitoses. 
These cellular alterations are interpreted as repre. 
senting various stages and possibly various types 
of degenerative processes. The mitotic figures in- 
cluded all stages, but were approximately one-fifth 
as frequent as in control tumors (Table 2). The 
number of cells was also reduced. 

Forty-eight hours after a single dose of 8-aza- 
guanine, cellular disintegration remained evident. 
However, the relative number of mitotic figures in 
viable areas had nearly returned to that of control 
tumors, thus paralleling the gross observations 
and indicating reversibility of 8-azaguanine action. 

At the time of sacrifice, 24 hours after the last 
daily dose of 175 mg/kg/day, the tumors were of 
the same age as those described above, but were 
appreciably smaller. Histologically, they showed 
numerous necrotic foci, little hemorrhage, few dis- 
torted mitotic figures, and the mitotic number ap- 
proached that of control tumors. 

Tumors of mice that received daily doses of 100 
mg/kg, which showed no appreciable inhibition in 
growth, revealed histological damage comparable 
to that in those mice which received the higher 
daily dose of the drug. 

Tumor inhibition was not the result of malnv- 
trition, since mice deprived of food and water 
showed a weight loss comparable to that seen after 
8-azaguanine (Chart 2), but this was not accom- 
panied by retarded tumor growth or morphological 
evidence of tumor damage. 

Histological changes in the host.—No histological 
changes were observed in the spleen and the adre- 
nal glands after a single dose of 500 mg/kg of 
8-azaguanine. It will be recalled that spleens of 
mice that were treated daily were much smaller 
than control spleens, usually brown in color, and 
often translucent. A number of the adrenals were 
similarly discolored. On microscopic examination, 
the sinusoids in the spleen were not distinct, as i 
compressed, and there were comparatively fev 
erythrocytes present. The cortex and medulla of 
the adrenal glands showed cytoplasmic vacuoliza- 
tion, and the inner zone of the fasciculata pos 
sessed large areas of degenerative cells. Similar 
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changes in the spleen and adrenal glands were ob- 
served in treated nontumor-bearing mice. 
Representative tumors and spleens of mice that 
received the multiple injections of 8-azaguanine 
were employed in respiration studies in the War- 
burg apparatus and are reported in the following 


paper: DISCUSSION 


Inhibition of growth of Sarcoma 37 was ob- 
served after treatment with 8-azaguanine, in as- 
sociation with tumor damage and gross and histo- 
logical signs of systemic toxicity. The discrepancy 
between these results and those of Greenberg e¢ al. 
(7) and of Kidder et al. (9), who stated that they 
observed no response of this tumor to 8-azagua- 
nine, is probably explained by a difference in dose 
level and/or a difference in the route of adminis- 
tration. Although an appreciable inhibition in 
growth with the lowest dose employed in this in- 
vestigation (100 mg/kg) was not always observed, 
induced histological changes were evident. 

A well defined separation of the tumor-inhibi- 
tory action of 8-azaguanine from the systemic ef- 
fects of the drug was not apparent, and there was 
no appreciable difference between treated normal 
and tumor-bearing mice. These observations seem 
to indicate that the effects of the drug may result 
from a specific cytotoxic drug action and not neces- 
sarily from an exacerbation of a toxic or alarm re- 
action activated by the tumor, or that there may 
be a combination of a specific cytotoxic effect and 
an alarm reaction induced by 8-azaguanine. In ex- 
periments reported here it was observed that the 
administration of this drug caused anorexia, 
weight loss, and morphological changes in the 
spleen and adrenal gland, but other gross changes 
in vital organs were not observed. Sugiura et al. 
(16) observed extreme congestion and fine granules 
in the liver cytoplasm, extensive congestion in the 
kidneys, and a reduction of lymphoid tissue in the 
lymph nodes. Goldin et al. (6) reported that it pro- 
duced systemic toxicity as seen in reduced food 
intake, weight loss, leukopenia, and death. 

The gross observations suggest that there is no 
apparent accumulation of the drug in the body 


| and that multiple injections of low doses do not 


produce a progressively increased gross effect on 
Sarcoma 37. The former observation is supported 
by the findings of Bennett et al. (2), who reported 
that approximately 92 per cent of the activity of 
injected 8-azaguanine-2-C4 was eliminated within 
24 hours. Moreover, Mandel et al.! observed that 
approximately 50 per cent of the activity of in- 
lected 8-azaguanine-4-C' was eliminated within 
2 hours and approximately 98 per cent within 12 


‘In press. 


hours. It may be assumed, therefore, that a sub- 
stantially effective dose must be employed from 
the outset in order to elicit a significant inhibition 
of growth of Sarcoma 37. This may be further 
supported by experiment 4b (Chart 1), in which 
an initial dose of 500 mg/kg was followed by daily 
doses of 100 mg/kg. This form of “vigorous” 
therapy produced “‘marked inhibition.” 

The observations that 8-azaguanine produced 
extensive hemorrhage and stasis in the tumor mass 
may indicate that the necrosis is caused by an in- 
terference with the vascular supply, as has been 
proposed by Ludford (12) and by Algire et al. (1) 
for the mode of action of colchicine and bacterial 
polysaccharides. However, this does not appear 
to be a satisfactory explanation of the action of 
this compound, since other authors have not re- 
ported vascular degeneration or hemorrhage in 
tumors inhibited by 8-azaguanine, in those that 
showed induced necrosis, or in lymph nodes that 
were affected by this drug (16). Furthermore, in 
the present investigation, hemorrhage in spleens 
or adrenal glands, or an obstructed blood supply in 
the necrotic adrenals, was not observed. 


SUMMARY 

1. Data are presented on the effect of single and 
multiple doses of 8-azaguanine on growth, mor- 
phology, and drug toxicity in normal and tumor- 
bearing mice. 

2. Multiple doses of 8-azaguanine produced a 
definite inhibition of growth and extreme cellular 
damage of Sarcoma 37. 

3. Gross tumor damage was observed within 
2-6 hours, with extensive morphological damage 
24 hours after a single large dose of 8-azaguanine. 

4. The number of mitotic figures in tumors after 
repeated doses of 8-azaguanine approached that 
of control tumors, whereas after a single large dose 
it was approximately one-fifth that seen in con- 
trols. 

5. The drug was not completely destructive to 
this tumor. Progressively less effect on growth and 
morphology was seen on cessation of therapy. 

6. No well defined separation of the tumor-in- 
hibitory action of 8-azaguanine from systemic and 
morphological effects of the drug was apparent. 
The toxic action was similar in normal and tumor- 
bearing mice. Multiple doses produced morpho- 
logical spleen and adrenal damage. 
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The Effect of 8-Azaguanine on Tissue Metabolism 
in Mice Bearing Sarcoma 37°? 


Murray FINKELSTEIN, WaLLAcE D. Winters, Paut A. THomas, 
CLARKE Davison, AND Paut K. SmitruH 


(Department of Pharmacology, the George Washington University School of Medicine, Washington, D.C.) 


The observation of Kidder and his associates 
(4) that 8-azaguanine selectively inhibits the de- 
velopment of a number of malignant neoplasms 
supports the view that there exists a biochemical 
differentiation between normal and _ neoplastic 
cells. Despite the interesting biological properties 
of 8-azaguanine, little attention has thus far been 
given to the effect of this compound on tissue 
metabolism. Earlier studies from this laboratory 
have shown that another carcinostatic compound, 
podophyllotoxin, selectively inhibits the respira- 
tion of tumor slices from mice (7). The present 
report is an attempt to determine the mode of 
action of 8-azaguanine and involves an examina- 
tion of the effect of in vitro and in vivo administra- 
tion of this compound on the respiration of tissues 
of CAF, mice bearing Sarcoma 37. 


MATERIALS AND METHODS 


The respiration of tissues of CAF; mice, weigh- 
ing 18-22 gm., bearing Sarcoma 37, was measured 
by the standard Warburg manometric technic, at 
38° C. The medium employed for tissue slices con- 
sisted of a modified Krebs-Ringer phosphate solu- 
tion with the following concentration of compo- 
nents: NaCl, 123 mm; KCl, 4.5 mm; CaClo, 
1.86 mm; MgSO,, 12.4 mm; sodium phosphate 
buffer, 20 mm at pH 7.35; and glucose, 11.1 mm 
per liter. Tissue homogenates were prepared in 
phosphate buffer, 20 mm per liter at pH 7.35. Pre- 
liminary studies showed that the presence or ab- 
sence of glucose as the substrate in the medium 
id not alter the rate of oxygen consumption of 
control tumor slices or those that were respiring 
In the presence of 8-azaguanine. Consequently, 
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glucose was employed in the medium in all subse- 
quent experiments. Other preliminary experiments 
showed that there was no difference between the 
oxygen uptake of control mice that received sub- 
cutaneous injections of NaOH, in concentrations 
similar to those employed with the drug, and that 
of control mice that received no injection. 

Tumor age varied from 5 to 6 days at the time 
of parenteral administration of 8-azaguanine and 
from 6 to 7 days when the drug was added directly 
to respiring tissues. In the former procedure, the 
drug was dissolved in NaOH, administered in sin- 
gle subcutaneous injections (as described pre- 
viously), and the mice were sacrificed at various 
time intervals after injection; in the latter situa- 
tion, 8-azaguanine was employed as a 0.025-0.1 
per cent water suspension. The respiration of tu- 
mors and spleens of mice that received multiple 
doses of the drug was also examined. The effect of 
8-azaguanine on the growth and morphology of 
these tissues was described earlier.! 

Respiration was measured for at least 1 hour, 
and readings were taken every 15 minutes. How- 
ever, with the exception of Table 2, the oxygen 
consumption is expressed as the oxygen uptake 
per hour in cubic millimeters per 100 milligrams 
wet weight of tissue. Where desirable, the ¢ test 
was employed, and P value was obtained as an in- 
dex of the significance of observed differences in 
experiments. 

Several experiments were also carried out on 
Sarcoma 37 in C strain mice, and the results were 
essentially the same as those obtained in the 
CAF, strain. In a number of experiments 8-aza- 
guanine was administered intraperitoneally, and 
the results were substantially similar to those de- 
scribed here. The data obtained from these groups 
of experiments are not included in this report. 


RESULTS 
In vitro experiments—The addition of 8-aza- 
guanine in a water suspension in doses of 0.05, 


1 See preceding paper in this issue. 
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0.1, and 0.2 mg/100 mg of tumor (final concentra- 
tions of 2.5, 5.0,and 10 mg/100 cc, respectively) 1 
hour after the beginning of measured respiration 
did not affect the oxygen consumption of slices of 
Sarcoma 37. Similarly, a dose of 0.2 mg/100 mg of 
tissue did not alter the oxygen uptake of spleen, 
liver, or kidney slices. Table 1 shows the results of 


TABLE 1 
EFFECT OF 8-AZAGUANINE in Vitro ON RATE OF 
RESPIRATION OF MOUSE TISSUE SLICES* 


PERIopD 
AFTER 
START 
OF EX- 
PERI- 
MENT TumMoR KIDNEY LIVER SPLEEN 
(mm?/100 mg wet tissue) 
Ist hr. 86 84 $94 395 92 93 150 154 
Con- Con- Con- Con- 
trol Drug trol Drug’ trol Drug’ trol Drug 
2d hr. 84 82 400 407 92 90 141 146 
3d hr. 80 78 399 402 89 91 141 143 
4th hr. 80 79 396 398 88 90 135 138 


_ ™ Readings were taken every 15 minutes; dose, 0.2 mg/100 mg of 
tissue. 


a typical experiment with the highest drug concen- 
tration only. In another set of experiments the 
drug was added at the beginning of measured 
respiration and was without effect. Similarly, the 
oxygen uptake in experiments employing tumor 
homogenates was not influenced by 8-azaguanine. 

Effect of single doses of 8-azaguanine.—Prelimi- 
nary in vivo experiments indicated that 8-aza- 
guanine produced an inhibition of oxygen uptake 
of tumor slices; consequently, the relationship be- 
tween drug dosage and the degree of inhibition of 
tumor respiration was determined. The mice were 
sacrificed 24 hours after drug injection, and the 
results (total of 82 mice) are summarized in Chart 
1. It is interesting to note that it was generally pos- 
sible to predict in advance whether or not there 
would be an inhibition in the rate of respiration 
from the gross appearance of the tumor, 1.e., soft- 
ening and diffuse hemorrhages of the tumor mass. 
The rate of and total oxygen consumption of 
tumor slices was essentially unaltered after doses 
up to 150 mg/kg; doses of 200 and 250 mg/kg 
produced an inhibition of approximately 21 per 
cent, which was barely significant statistically. 
With progressively larger doses there was a corre- 
spondingly increased effect, with almost complete 
inhibition (approximately 92 per cent) after 500 
mg/kg, the highest dose employed. 

Since the most effective dose in 24 hours was 
500 mg/kg and this also produced significant gross 
and histological tumor changes in this short period, 
this dose was employed in the following experi- 
ments. 


The results of the effect of a single dose of 500 
mg/kg of 8-azaguanine on tumors of 209 mie 
sacrificed at various time intervals after the injec. 
tions, are summarized in Chart 2. It can be seen 
that there was no appreciable effect 1 hour after 
drug administration; however, beginning with ty. 
mors of mice sacrificed 2 hours, and in those up to 
24 hours, after drug administration, there was 
progressively decreased oxygen uptake (42 per 
cent and up to 92 per cent inhibition, respec- 
tively). Forty-eight hours after a single dose the 
effect was less (approximately 26 per cent inhibj- 
tion) with a relatively large range but, neverthe. 


WET 
TISSUE 


DOSE- yg.PER gm. 


CuartT 1.—Dose response of Sarcoma 37 to 8-azaguanine. 
Mice were sacrificed 24 hours after single subcutaneous in- 
jection. 


OXYGEN 
UPTAKE 
mm> PER 70F 
60 MIN. cob 
PER 
100 mg. | 


WET sol AZAGUANINE 
TISSUE 


2 
HOURS AFTER DRUG 

CuHart 2.—Effect of a single subcutaneous dose of 500 

mg/kg of 8-azaguanine on tumor respiration. Mice were sact: 

ficed at various time intervals after drug injection. 


less, statistically significant (probability < 0.01). 
The oxygen uptake of kidney, spleen, liver, and 
brain slices of a total of 134 mice, whose tumor 
respiration was inhibited by a single dose of 500 | 
mg/kg of the drug, was essentially unaffected. : 
Any differences from the controls were statistically 
insignificant. 
The observation that the spleen was diminished 
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| size! after administration of 8-azaguanine sug- 


gested that this organ might be necessary for the 


| action of the drug. Respiration studies were made 
on tumors of 8-azaguanine-treated splenectomized 


mice. In appropriately controlled experiments this 


| procedure was without effect on the degree of in- 


hibition of tumor respiration caused by the drug. 
In another set of experiments, spleen, liver, and 
kidney were homogenized and incubated for 2 
hours in the presence of 8-azaguanine. These were 
then centrifuged, and the supernatant fluid was 
added to tumor slices at the beginning of and dur- 
ing measured respiration; these were observed with 
appropriate controls. There was no alteration in 
the rate of oxygen uptake of tumor slices during 
the subsequent 2 hours of observation. 

It has been demonstrated by several investiga- 
tors that the effect of 8-azaguanine on growth of 


and four doses of 150 mg/kg/day produced statis- 
tically significant inhibition (probability « 0.02 
and < 0.01) of approximately 22 and 16 per cent, 
respectively, in the total oxygen uptake of tumor 
slices. Similar doses produced relatively consistent 
though statistically insignificant effects (probabil- 
ity < 0.1) on the oxygen consumption of spleens 
of these mice. However, when an initial dose of 500 
mg/kg was followed by five doses of 100 mg/kg/ 
day, there was a statistically significant inhibition 
(probability < 0.02) of approximately 15 per cent 
in the total oxygen uptake of the spleens. 


DISCUSSION 


The absence of an effect of 8-azaguanine on the 
respiration of mouse tissues other than tumor sug- 
gests the specificity of the drug for tumor tissue 
and supports the hypothesis of Greenstein (2) that 


TABLE 2 


EFFECT OF REPEATED DOSES OF 8-AZAGUANINE ON THE RATE OF RESPIRATION OF 
SARCOMA 37 AND SPLEEN SLICES* 


PERIOD 


AFTER Drug 
START OF TUMOR SPLEEN (1X 500 Tumor SPLEEN 
EXPERI- Drug Drug mg/kgt Drug Drug 
MENT Con- (5X100 Con- (6x100 +5 100 Con- (4X 150 Con- (4X 150 
(minutes) trol mg/kg) trol mg/kg) mg/kg) trol mg/kg) trol mg/kg) 
0-15 19 14 37 35 31 23 20 41 38 
15-30 20 17 39 36 $3 23 18 42 37 
30-45 18 14 39 36 33 23 20 39 36 
45-60 20 15 37 34 32 23 19 40 38 


* Tumors and spleens removed 24 hours after final dose. Results expressed in mm? O2 uptake/100 mg wet tissue. 
t An initial dose of 500 mg/kg followed by daily doses of 100 mg/kg. 


unicellular organisms (3, 8) and on certain neo- 
plasms (1, 5, 6) could be reversed by the adminis- 
tration of appropriate quantities of guanine. In an 
attempt to verify this with respect to the effect on 
oxygen consumption of slices of Sarcoma 37, doses 
of guanine equal to and up to 3 times (1,500 mg/ 
kg) the dose of 8-azaguanine were injected either 
simultaneously with or 4 hours prior to the ad- 
ministration of the guanine analogue. This did 
not affect the inhibition of respiration produced 
by 8-azaguanine. It is very likely, as was indicated 
by Kidder (4) and as has been shown by others (1, 
), 6), that massive doses of guanine are required 
in order to overcome the activity of 8-azaguanine. 
Larger doses of guanine than those reported here 
Vere not employed, because of the low solubility 
of this compound and the toxicity of the drug to 
the host if it is used in larger amounts. 

Effect of multiple doses of 8-azaguanine.—The 
elfect of 8-azaguanine on the morphology of the 
Ussues employed in this series of experiments was 
described previously.1 The average results of a 
total of 33 mice (13 of these in duplicate) are sum- 
marized in Table 2. Five doses of 100 mg/kg/day 


a fundamental qualitative biochemical deviation 
from normal tissue exists in tumors. It appears un- 
likely that the specificity of the drug for Sarcoma 
37 is caused by the rapidly proliferating nature of 
the tumor, in view of the observations of Shapiro 
et al. (9) that 8-azaguanine affected the mitotic in- 
dex of tumor tissue while not that of the testis and 
intestinal epithelium of the host. 

The action of the injected drug is apparently 
not mediated through the spleen or adrenal glands, 
since, as has been demonstrated here, the effect on 
tumor respiration was not altered by splenectomy; 
and Law (6) demonstrated that 8-azaguanine was 
effective in reducing the rate of growth of leuke- 
mic cells in adrenalectomized mice. 

Kidder et al. (5) suggested that the action of 
the drug is not primarily on the host tissues, since 
not all tumors are affected. In support of this, they 
cite the report of Sugiura et al. (11), who observed 
that 8-azaguanine had no inhibitory effect on Sar- 
coma 180, even when the tumor was transplanted 
into the normal host for E 0771 (which is inhibited 
by the drug). In the present investigation, no 
effect on tumor respiration was shown when the 
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drug was added in vitro. In this case, the tumor 
may be utilizing its intermediary metabolites 
without oxygen as a hydrogen acceptor. In experi- 
ments after drug administration, the effect on the 
tumor may have been mediated through some 
mechanism outside the tumor mass, or it is possi- 
ble that a metabolic product of 8-azaguanine pos- 
sesses the carcinostatic power. Mandel et al.? have 
demonstrated that at least 90-95 per cent of the 
radioactive urinary metabolites of administered 8- 
azaguanine-2-C!4 or -4-C!4 was recovered from 
either normal or tumor-bearing mice in the form 
of 8-azaxanthine. Sugiura et al. (11) used a sample 
of 8-azaguanine that contained 60 per cent @- 
azaxanthine, and their results indicate that it was 
less effective on tumor growth than 8-azaguanine 
with a high degree of purity. 

Mandel et al.? observed that approximately 50 
per cent of injected 8-azaguanine-4-C! (325 mg/ 
kg) was eliminated within 2 hours and approxi- 
mately 98 per cent within 12 hours. The maximum 
inhibitory effect on tumor respiration was ob- 
served 24 hours after drug injection. This corre- 
sponds to the nearly complete destruction of tu- 
mor tissue observed at this time.! The maximal 
effect on tumor respiration occurring 12 hours 
after drug elimination may be caused by the de- 
struction of an enzyme system or its site of forma- 
tion. With tumor destruction there is a progressive 
decrease in respiration. The diminished inhibition 
36 hours after drug elimination corresponds to 
resumption of tumor growth and may indicate 
that there is a regeneration of this enzyme system, 
resulting in an increased respiration. By reducing 
the effective concentration of the enzyme(s), an 
inhibition of nucleic acid formation may result. 
Recently, Skipper e¢ al. (10) reported that 8-aza- 
guanine inhibited nucleic acid synthesis in vivo. 
Since rapidly growing tissue, such as Sarcoma 37, 
would require a greater concentration of the nu- 
cleic acids, growth would be reduced. 

There is an obvious correlation between tumor 
damage, with a reduction in mitosis, and the paral- 
lel reduction in oxygen uptake. The question ex- 
ists whether the primary effect of 8-azaguanine is 
to block the respiratory processes, and in this way 
inhibit growth, or whether it prevents the syn- 
thesis of an essential metabolite or competes with 
it for a given enzymic system, thus affecting 
respiration only indirectly. 


SUMMARY 


1. Data are presented on the effect of 8-aza- 
guanine on the respiration of tissues of CAF; mice 
bearing Sarcoma 37. 


2 In press. 


2. There was no effect on the respiration of 
tumor homogenate and tumor, brain, liver, kid. 
ney, or spleen slices when the drug was added 
directly to the respiring tissues. The addition of 
the supernatant fluid from homogenates of spleen 
liver, or kidney incubated with the drug was simi. 
larly without effect on the respiration of tumor 
slices. 

3. 8-Azaguanine showed a selective action op 
tumor tissue after parenteral administration. The 
minimal effective dose was 200 mg/kg. Two hours 
after a single dose of 500 mg/kg there was a sig- 
nificant inhibition of respiration, which became 
almost complete after 24 hours. Forty-eight hours 
after drug administration, the effect on tumor 
respiration was diminished. 

4. Reversal of 8-azaguanine action was not 
produced by the administration of guanine. 

5. The possible significance of these results has 
been discussed. 
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The Significance of the Anterior Chamber in 
Tumor Transplantation 


II. The Nature of Tumor Growth beyond 
the Anterior Chamber* 


E. J. Etchwap H. Y. 


(Department of Pathology, University of Utah, College of Medicine, Salt Lake City, Utah) 


When mouse neuroblastoma C1300 was trans- 
planted, in this laboratory, into the anterior 
chamber of the eye of female mice of the C57 
brown strain (subline cd), it grew progressively in 
152 of 199 animals (76.4 per cent). Following 
transplantation to the subcutaneous tissue of the 
abdominal wall, the tumor grew in only 42 of 216 
mice of this strain (19.4 per cent). When trans- 
planted to the anterior chamber, these tumors ex- 
tended beyond the eye and infiltrated the periocu- 
lar tissue and subcutaneous tissues of the head of 
all animals in which the tumors grew progres- 
sively. Death occurred within similar intervals in 
the two groups. The periocular tissue and the 
subcutaneous tissue of the head of the majority 
of animals were therefore susceptible to invasion 
by the tumor following its inoculation into the an- 
terior chamber. 

In an attempt to interpret this observation, the 
following possibilities were considered: (a) The 
resistance to the tumor in the periocular tissue 
and cranial subcutaneous tissue was lower than 
that of the abdominal subcutaneous tissue. (b) 
While growing in the anterior chamber the tumor 
had adapted itself to the strain or to the individual 
host. (c) The subcutaneous tissue of the mice was 
resistant only to the newly implanted tumor, but 
not to the tumor already established in a less 
resistant site. 

The experiments reported below were devised 
to determine whether the periocular tissue differs 
from the abdominal subcutaneous tissue in its sus- 
ceptibility to the tumor under study and whether, 
during the period of anterior chamber growth, the 


tumor adapts itself to the strain of mice or to the 
individual host. 


, * This work was supported by a grant from the National 
ancer Institute, Public Health Service. 


Received for publication June 30, 1951. 


MATERIALS AND METHODS 


Neuroblastoma C1300, obtained from the 
Roscoe B. Jackson Memorial Laboratory, Bar 
Harbor, Maine, has been carried in our laboratory 
for 34 transplant generations by abdominal sub- 
cutaneous transplantation in ABC mice. Female 
mice of the C57 brown strain (subline ed), weigh- 
ing 15 gm. or more at the time of inoculation, also 
were obtained from Bar Harbor. The mice were fed 
a commercial diet and water ad libitum. 

The tumors were transplanted to the anterior 
chamber following the method described pre- 
viously (1). Transplantation to the periocular tis- 
sue was achieved as follows: (a) The conjunctival 
mucosa was perforated at the inner canthus, and 
the tip of the trocar was directed horizontally un- 
derneath the mucosa to the vicinity of the outer 
canthus. Detachment of the graft from the needle 
was assured by pinching the overlying mucosa 
on withdrawing the trocar. (b) The cranial sub- 
cutaneous tissue was inoculated by nicking the 
scalp in the midline, and by directing the trocar 
laterally, to deposit the graft in the vicinity of the 
eye. The inoculations in all four groups of the 
first experiment were done with a No. 20 spinal 
needle under ether anesthesia. 

Tumor tissue for homologous retransplantation 
was obtained by reflecting the scalp anteriorly 
over the cranial tumor, removing a portion of the 
tumor, and re-inoculating this subcutaneously 
with a No. 17 spinal needle. 

Tumor tissue for autologous retransplantation 
on the eighth and eleventh days after transplanta- 
tion was obtained by incising the cornea along the 
limbus and shelling the tumor out of the anterior 
chamber. At this time, growing tumor was found 
in all inoculated mice of this strain. 

On the 18th and 27th days tumor tissue was 
obtained by stripping back the upper lid over the 
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bulging tumor and incising the visceral leaf of the 
conjunctiva. It was then retransplanted to the 
abdominal subcutaneous tissue with a No. 17 
spinal needle. The validity of these transplanta- 
tion procedures with respect to the transfer of 
viable tumor cells was ascertained by inoculating 
mice of the ABC strain, which are highly suscept- 
ible to this tumor. 


EXPERIMENTAL 


Susceptibility of extra-ocular cranial tissues.— 
Neuroblastoma C1300 was transplanted to the 
anterior chamber of 82 mice, to the abdominal 
subcutaneous tissue of 84 mice, to the conjunc- 
tival tissue of 92 mice, and to the cranial subcu- 
taneous tissue of 81 mice. The data in Table 1 


TABLE 1 


SUSCEPTIBILITY OF EXTRA-OCULAR CRANIAL 
TISSUES OF C57 BROWN MICE TO 
MOUSE NEUROBLASTOMA C1300 


Incidence of 


Transplantation site tumor growth Per cent 


Conjunctiva 24/92 26 
Cranial subcutaneous tissue 17/81 21 
Subcutaneous tissue 15/84 18 
Anterior chamber 68/82 83 


show that there was no significant difference in 
susceptibility to this tumor among the conjuncti- 
val, the cranial, and the abdominal subcutaneous 
group. The difference between each of these groups 
and the anterior chamber group was significant. 
It indicates that in mice of this strain the periocu- 
lar and cranial connective tissue are not more 
susceptible to neuroblastoma C1300 than the tis- 
sue of the abdominal wall. 

Adaptation of tumor cells to homologous hosts.— 
Neuroblastoma C1300 was transplanted to the 
anterior chamber of nine mice and to the sub- 
cutaneous tissue of the abdomen of twenty mice. 
The tumor grew progressively in all mice which 
had received inoculations in the anterior cham- 
ber, and in four of the subcutaneously inoculated 
mice. Thirty-seven days after moculation seven 
mice of the anterior chamber group and three mice 
with growing tumors of the subcutaneous group 
were sacrificed for retransplantation of the tumor. 
The animals selected had large tumors and were 
agonal. Fragments of each tumor were retrans- 
planted to the abdominal subcutaneous tissue of 
ten mice. Sixty-one days after transplantation a 
- mouse from the anterior chamber group and one 
from the original subcutaneous group were sacri- 
ficed, and the tumors were retransplanted to the 
abdominal subcutaneous tissue of nine mice. The 
last mouse of the anterior chamber group was 


sacrificed on the 73d day and the tumor retrans. 
planted to ten mice. 

Retransplantation of the tumor to the abdoni. 
nal subcutaneous tissue resulted in progressive 
growth in 4 of 89 mice (4.5 per cent) following an. 
terior chamber inoculation, and in 4 of 39 mice 
(10.3 per cent) following subcutaneous inoculation 
(Table 2). These data indicate that adaptation of 
the tumor to hosts of the same strain is not the 
cause of its growth beyond the eye following trans. 
plantation to the anterior chamber. 

Adaptation of tumor cells to autologous hosts. — 
Neuroblastoma C1300 was transplanted to the 
anterior chamber of 122 mice and to 55 subcu- 
taneous controls. Eleven mice of the subcutaneous 
group developed progressively growing tumors 
(20 per cent). Fifty-eight mice of the anterior 
chamber group served as controls; 42 of these (72 
per cent) developed progressively growing tu- 
mors. The remaining mice of the anterior chamber 
group were set aside for autologous retransplanta- 
tion. Of these, tumors were removed from the an- 
terior chambers of fifteen on the 8th day and of 


TABLE 2 


ADAPTATION OF MOUSE NEUROBLASTOMA 
C1300 TO HOMOLOGOUS HOSTS 


(C57 BROWN) 
Incidence of 
tumor growth 
Site of original Day of re- following subcu. 


retransplanta- 
tion 


transplantation transplantation 


Anterior 
chamber 
No. 1 37 0/10 
37 0/10 
37 1/10 
“4 37 1/10 
37 2/10 
37 0/10 
37 0/10 
« g 61 0/10 
“9 73 0/9 
Subcutaneous 
tissue 
No. 1 37 2/10 
* 37 0/10 
a 37 1/10 
61 1/9 


twenty on the 11th day after transplantation. In 
twenty mice, tumors were removed from the ex- 
tra-ocular cranial tissue on the 18th day, and in 
six mice on the 27th day after transplantation. In 
each animal the tumor was retransplanted to the 
abdominal subcutaneous tissue. In the three 
remaining mice the tumor failed to grow Ppro- 
gressively. Tumor growth following autologous 
retransplantation to the abdominal wall was ob- 
served in only 1 of the 61 mice (18th-day group) 
(Table 3). These data indicate that autologous 
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adaptation 1s not the cause for the observed tumor 
growth beyond the anterior chamber. 


CONCLUSIONS 


When transplanted to the anterior chamber of 
the eye, mouse neuroblastoma C1300 grows pro- 


TABLE 3 


ADAPTATION OF MOUSE NEUROBLASTO- 
MA C1300 TO AUTOLOGOUS HOSTS 
(C57 BROWN) FOLLOWING TRANS- 
PLANTATION TO ANTERIOR CHAM- 


BER 
Incidence of 
tumor growth 
Day of following subcu. 
No. of retrans- retrans- 
mice plantation plantation 
15 8 0 
20 11 0 
20 18 1 
6 27 0 


gressively and invades the cranial subcutaneous 
tissue in the majority of female mice of the C57 
brown strain. Following transplantation to the 
abdominal subcutaneous tissue, it fails to grow in 
the majority of mice of this strain. 

The experiments reported show that progres- 
sive growth of the tumor beyond the anterior 
chamber and beyond the eye is not due to adapta- 
tion of the tumor to this strain of mice and not due 
to adaptation to the individual host. Neither do 


the periocular and cranial subcutaneous tissues 
exceed the abdominal subcutaneous tissue in sus- 
ceptibility to this tumor. 

It appears that a tumor can invade the sub- 
cutaneous tissue of a host following its establish- 
ment in the anterior chamber, even if the same 
tumor will fail to grow when transplanted sub- 
cutaneously. The significance of the anterior 
chamber, as compared to the subcutaneous tissue, 
then, lies in the fact that within its confines the 
resistance to the initial growth of a tumor is low. 
Once the tumor has become established, it can 
overcome the resistance of the subcutaneous tis- 
sue, and grow as well outside as within the ante- 
rior chamber. It follows that the low resistance in 
the anterior chamber is essential only to the 
growth of the newly transplanted tumor to which 
the subcutaneous tissue is resistant. 
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A Sex Difference in the Development of Liver Tumors in 
Rats Fed 3-Methy]-4-dimethylaminoazobenzene or 


H. W. Rums Jr., W. L. Jr., anp C. A. BAUMANN 


(Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison 6, Wis.) 


INTRODUCTION 


Sex differences in the response of rats to the 
carcinogen 2-acetylaminofluorene (AAF) are well 
known (1, 10, 20). Liver tumors develop readily in 
males fed this carcinogen, while females are more 
resistant to hepatoma development. On the other 
hand, no marked sex differences have been re- 
ported in the response of rats to the azo dyes. The 
dye usually fed has been 4-dimethylaminoazo- 
benzene (DAB), but since 1945 the more potent 
3’-methyl-DAB (also referred to as m’-methyl- 
DAB) has also been fed extensively. In certain of 
these latter studies (4, 14), data have been ac- 
cumulating which suggest that males develop liver 
tumors more readily than females when low doses 
of 3’-Me-DAB are fed continuously or high doses 
are fed intermittently. Accordingly, the effect of 
sex on tumors due to azo dyes has now been 
studied in more carefully controlled experiments. 
Young male and female rats from the same source! 
were raised to the proper starting weight on a 
synthetic diet prior to the feeding of 3’-Me-DAB 
or 4’-fluoro-4-dimethylaminoazobenzene (4/-F- 
DAB) in amounts appropriate for moderate tu- 
mor development. 3’-Me-DAB was also fed to 
castrate male and ovariectomized female rats, 
while in parallel studies measurements were made 
of the ability of liver slices or homogenates from 
male and female rats to destroy the carcinogens 


DAB, 3’-Me-DAB, or 4’-F-DAB in vitro. 


METHODS 


Tumor production.—Equal numbers of male 
and female rats of the same age and ranging from 
80 to 110 gm. in weight were kept in wire-bot- 
tomed cages in groups of seven or eight. Fifteen 


* Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. Supported in part by 
the Jonathan Bowman Cancer Fund and by a grant from the 
Committee on Growth, American Cancer Society. 

1 Holtzman-Rolfsmeyer Co., Madison, Wis. 
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males were castrated and fifteen females ovariec. 
tomized and allowed to recover fully before any 
carcinogen was fed. All groups were fed a rela- 
tively complete synthetic diet (I) which con- 
sisted of extracted? casein, 18; salts, 4; corn oil, 
5; and glucose monohydrate (Cerelose) to 100, 
with vitamins added at the following levels in 
mg/kg diet: thiamine, 2; pyridoxine, 2.5; ribofla- 
vin, 3; niacin, 10; calcium pantothenate, 20; 
inositol, 100; biotin, 9.1; folic acid, 0.2; p-amino- 
benzoic acid, 125; cystine, 1,000; and choline 
chloride, 1,000. Vitamins A and D were supplied 
by 2 drops of halibut liver oil per rat every 4 
weeks. 


When the males reached approximately 200 gm. 
in weight and the females approximately 180 gm., 
the rats were divided into groups and fed diet II, 
which is known to favor the development of hep- 
atomas (6, 15, 18). It consisted of extracted 
casein, 12; salts, 4; corn oil, 5; and glucose mono- 
hydrate to 100 with vitamins added at the follow- 
ing levels in mg/kg diet; thiamine, 3; pyridoxine, 
2.5; calcium pantothenate, 7.5; riboflavin, 2; and 
choline chloride, 1,000. Each rat also received 2 
drops of halibut liver oil every 4 weeks. 

The carcinogens 3’-Me-DAB and 4’-F-DAB* 
were incorporated into the diets at various levels. 
When the dyes were fed continuously, the level in 
the diet was 0.040 per cent; for experiments in 
which the dye was fed intermittently, the level 
was 0.064 per cent. In the initial experiments (Te- 
bles 1 and 3, groups 1-4), the dye was usually fed 
for 4 weeks, followed by 4 weeks of the dye-free 
basal ration with or without further alterations 10 
diet, after which the ration containing dye was 


2Forty pounds of crude commercial casein are extracted 
once with 18 gallons of 95 per cent ethanol for 13 hours at 
70° C., and twice more with 10 gallons of alcohol. The case 
is filtered after each extraction, and after the final filtration it 18 
dried in a stream of air at 45°-55° C. 


’ Supplied by Dr. J. A. Miller of the McArdle Memorial 
Laboratory of this university. 
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ted for 4 more weeks. Essentially the same pro- 
cedure was followed in the later, more carefully 
controlled experiments (Table 2, groups 1-4, and 
Table 3, groups 5-8), with an additional week of 
dye in the final period. In other series (Table 2, 
groups 5-10), the dye was fed continuously for 12 
or 14 weeks. After the completion of the dye- 
feeding period, the animals were continued on the 
hasal diet free from dye for at least 12 weeks longer 
to permit any hepatomas induced by the carcin- 
ogen to grow to recognizable size. In some series 
the basal diet was fed for an even longer period of 
time. 

Dye destruction in vitro.—Weanling rats! of 
both sexes were fed diet IIT, which was like diet IT 


sion C = KI was determined for DAB, 3’-Me- 
DAB, and 4’-F-DAB, and found to be 29.2, 31.6, 
and 42.8, respectively. The homogenate system 
was that described previously (14, 16). 


RESULTS 


Table 1 indicates the development of hepatic 
tumors in all rats fed 3’-Me-DAB in this labora- 
tory during 1945-51 in experimental series in 
which both male and female rats were used. The 
incidence of liver tumors was higher in the males 
than in the females for each type of experiment 
summarized, and the total tumor incidences were 
187/342 or 55 per cent for the males, as compared 
to 49/314 or 16 per cent for the females. This 


TABLE 1 


THE INFLUENCE OF SEX ON THE DEVELOPMENT OF LIVER TUMORS IN RATS FED 
0.064 PER CENT 3’-METHYL-DAB (COMPOSITE DATA*) 


Group METHOD OF DYE FEEDING 


A 3’-Me-DAB 4 wks.; basal diet 4 wks.; 


3’-Me-DAB 4 wks.; basal diet at least 8 wks. 


B 3’-Me-DAB 4 wks.; varied diets} 4 wks.; 


3’-Me-DAB 4 wks.; basal diet at least 8 wks. 


C 3’-Me-DAB 6 wks.; basal diet 4 wks.; 


3’-Me-DAB 2 wks.; basal diet at least 8 wks. 


D 3’-Me-DAB 4 wks.; basal diet 4 wks.;f 


3’-Me-DAB 5 wks.; basal diet at least 8 wks. 


E 3’-Me-DAB 4 wks.; basal diet 8 wks.; 


3’-Me-DAB 4 wks.; basal diet at least 8 wks. 


F 3’-Me-DAB continuous 8 wks.; 
Basal at least 8 wks. 


MALE FEMALE 
Incidence Per cent Incidence Per cent 
of tumors tumors of tumors tumors 

34/66 52 2/66 8 
103/181 57 33/177 19 
3/7 43 1/18 5 
15/50 30 1/16 6 
7/12 58 0/4 0 
25/26 96 12/33 36 


* Data from fourteen separate series by C. C. Clayton, I. Segre, W. L. Miller, Jr., and H. W. Rumsfeld, Jr. 


t Dietary variations during the middle period included the addition of 30 mg. of a-tocopherol/rat/day, 18 per cent yeast substituted for 
casein, caloric restriction, vitamin additions, added methionine, and the additive effects of substances such as urethan, methylcholanthrene, 


2-acetylaminofluorene, DAB, atabrine, and selenium. 


t In this series the metabolic rate was altered during the middle period. 


except that the casein level was increased to 18 
per cent at the expense of glucose, and the ribo- 
flavin was increased to 10 mg/kg. After 2 weeks 
on diet III the animals of each sex were divided 
into three groups. One group was fed diet ITI, an- 
other was fed diet IV, which was like diet III ex- 
cept that the riboflavin was lowered to 2 mg/kg, 
while a third group was fed diet IV with 0.04 
per cent of 3’-Me-DAB added. Rats were sacri- 
ficed at various intervals, and liver slices as well 
as homogenates were prepared and incubated with 
DAB, 3’-Me-DAB, or 4/-F-DAB, as in previous 
studies on the destruction of DAB in vitro (14, 
16). For the slice system each incubation flask 
contained 200 mg. of liver slices (wet), 1.9 ml. of 
Krebs-Ringer phosphate buffer, adjusted to pH 
7.4, and 100 ug. of dye. After 1 hour of incubation 
at 37° C., the remaining dye was recovered and 
determined colorimetrically in 7 N HCl with the 
515 mu Evelyn filter. The Ks15 used in the expres- 


result was interpreted to suggest rather than to 
demonstrate a sex effect in the response of rats to 
3’-Me-DAB, since the representatives of the two 
sexes were not necessarily of the same age, nor 
from the same source, nor did they always have 
the same dietary history. Thus, in a given series 
the males may have been grown to maturity on 
synthetic rations, whereas the females were from 
our stock colony, or either or both may have come 
directly from the dealer without assurance of 
comparable history. However, since the number 
of groups was large and the results were consist- 
ent, it would appear that the observed differences 
in tumor incidence were primarily due to sex 
rather than to other factors. 

In more controlled experiments (Table 2), the 
sex differences in tumor incidence were again pro- 
nounced. When 3’-Me-DAB was fed continuously 
for 12 weeks (Table 2, groups 5 and 6), the tumor 
incidence in the males was 5/15, while no tumors 
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occurred in fifteen females. When this carcinogen 
was fed in an interrupted series (Table 2, groups 
1-2), the incidence was 8/8 or 100 per cent in the 
males but only 2/10 or 20 per cent in the females. 
When 4’-F-DAB was fed continuously for 14 
weeks, the tumor incidence in the males was 50 
per cent, as compared to zero in the females (Ta- 
ble 2, groups 9 and 10). There did not seem to be 
any consistent correlation between food and dye 
consumption or weight changes and tumor inci- 
dence in any of these experiments. Generally, in 
the interrupted series the heavier males lost more 
weight than the females during the initial feeding 
of dye, but the losses during the second dye period 
were approximately the same for the two groups 
(Table 2). 

The differences in tumor incidence between the 
sexes were most apparent when intermediate 


females, e.g., in groups 7 and 8 which received 
3’-Me-DAB continuously for 14 weeks; or when 
the dosage of carcinogen was inadequate for a 
substantial tumor incidence among the males (Ta- 
ble 2, groups 5 and 6). These latter groups, inci- 
dentally, illustrate a difference in carcinogenicity 
between 3’-Me-DAB and 4’-F-DAB. Miller e¢ qj. 
have observed the latter compound to be highly 
carcinogenic‘ (13). In the present study this has 
been confirmed, but with the relatively low doses 
of carcinogen employed, the 4’F derivative was 
consistently somewhat less carcinogenic than 9’. 
Me-DAB (Table 2, groups 1 versus 3, 2 versus 4, 
7 versus 9, and 8 versus 10). 

The development of liver tumors in castrated 
males and in ovariectomized females is summar- 


4 Price, J. M.; Harman, J. W.; Miller, E. C.; and Miller, 


: . . J. A. Progressive Microscopic Alterations in the Livers of 
. 

of were given. They Rats Fed the Hepatic Carcinogens, 3’-Methyl-4-Dimethyl- 
evident when the dose of carcinogen was suffi-  gminoazobenzene and 4’-Fluoro-4-Dimethylaminoazobenzene 


ciently high for maximal tumor production in the (in preparation). 


TABLE 2 


CONTROLLED EXPERIMENTS ON THE DEVELOPMENT OF LIVER TUMORS 
IN MALE AND FEMALE RATs FED 3’-Me-DAB oR 4’-F-DAB 


Av. wt. Av. wt. Av. wt. Av. food 


Av. end Ist start end of consump- Survival 
initial dye 2d dye dye tion at end Neg. Per 
wt. feeding feeding feeding on dye of dye No. of sur- cent 
Group* Sex (gm.) (gm.) (gm.) (gm.) (gm/rat/day) feeding tumors _—svivors tumors 
1 M 215 184 264 254 12.7 8/12 8 0 100 
2 F 181 172 219 205 14.9 10/12 2 8 20 
3 M 224 206 280 257 12.1 12/12 1 11 8 
4 F 186 173 2297 193 12.2 12/12 0 12 0) 
- 5 M 228 264 14.5 15/15 5 10 33 
“4 6 F 172 191 11.6 15/15 0 15 0 
i 7 M 208 249 11.8 15/15 15 0 100 
3 s F 157 195 11.9 15/15 14 1 94 
9 M 233 266 12.9 8/8 4 4 50 
10 F 181 202 12.3 8/8 0 8 0 
*Groups 1-2: 0.064 3’-Me-DAB 4 wks; basal diet 4 wks.; 0.064 3’-Me-DAB 5 wks.; basal diet 16 wks. 
Groups 3-4: 0.064 4’-F-DAB 4 wks.; basal diet 4 wks.; 0.064 4’-F-DAB 5 wks.; basal diet 16 wks. 
= Groups 5-6: 0.040 3’°-Me-DAB continuous 12 wks.; basal diet 16 wks. 
a Groups 7-8: 0.040 3’-Me-DAB continuous 14 wks.; basal diet 16 wks. 
- Groups 9-10: 0.040 4’-F-DAB continuous 14 wks.; basal diet 16 wks. 
TABLE 3 
THE EFFECT OF CASTRATION ON THE DEVELOPMENT OF LIVER TUMORS 
IN MALE AND FEMALE RATs FED 3’-METHYL-DAB 
Av.wt. Av.wt. Av.wt. Av. food 
: Av. end Ist start end of consump- Survival 
7 initial dye 2d dye dye tion at end Neg. Per 
* wt. feeding feeding feeding on dye of dye No. of _ sur- cent 
ag Group* Sex (gm.) (gm.) (gm.) (gm.) (gm/rat/day) feeding tumors vivors tumors 
a 1 M 236 192 259 230 13.0 8/10 4 4 50 
2 F 172 151 205 175 12.9 8/10 1 7 13 
3 M castrate 218 200 260 233 9.5 13/15 5 8 38 
4 F ovariectomized 220 187 242 208 8.9 10/15 0 10 0 
5 Mt 215 184 264 254 12.7 8/12 8 0 100 
6 Fy 181 172 219 205 14.9 10/12 2 8 20 
7 M castrate 224 198 278 253 10.9 11/15 6 5 59 
8 F ovariectomized 190 167 234 214 8.7 9/15 4 5 44 


* Groups 1-4: 0.064 3’-Me-DAB 4 wks.; basal diet 4 wks.; 0.064 3’-Me-DAB 4 wks.; basal diet 16 wks. 
Groups 5-8: 0.064 3’-Me-DAB 4 wks.; basal diet 4 wks.; 0.064 3’-Me-DAB 5 wks.; basal diet 16 wks. 


t Groups 5 and 6 are identical with Groups 1 and 2, Table 2. 
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‘zed in Table 3. In the initial series (groups 1-4), 
the animals were not of comparable ages; but in 
the second series (groups 5-8), age, source, and 
past dietary history were carefully controlled. In 
hoth series castration tended to diminish the effect 
of sex on the formation of liver tumors due to 3’- 
Me-DAB, the effect being most evident in the 
more carefully controlled series in which castra- 
tion decreased tumor incidence in the males from 
100 to 55 per cent, whereas in the females castra- 
tion increased tumor formation from 20 to 44 per 
cent. Again, these differences in tumor incidence 


lar (Table 4, group 6). However, when the feeding 
of dye was continued for 4 weeks, liver slices from 
males lost their capacity to destroy the three dyes 
more rapidly than slices from females (Table 4, 
group 7). The feeding of 0.04 per cent of 3’-Me- 
DAB also decreased the ability of fortified liver 
homogenates to destroy the dyes (Table 4, 
groups 10 and 11). The addition of flavin-adenine 
dinucleotide’ (FAD) to these homogenates mark- 
edly increased the destruction of the dyes, as pre- 
viously shown by Mueller and Miller (17), but 
did not bring it to the destruction rate of homoge- 


TABLE 4 
DESTRUCTION OF AZO DYES* BY SLICES OR HOMOGENATES OF RAT LIVER 


Group Sex DIETARY SUPPLEMENT 
l M 10 Be/gm for 2 wks. 
F “ “ 
2 M " 4 wks. 
F “ “ 
3 M 6 wks. 
KF “ 
4 M 2 ug Be/gm for 2 wks.f 
F “ 
5 M 4 wks.f 
F “ 
6 0.04 per cent 3’-Me-DAB 2 wks. { 
7 M 4 wks.f 
“ “ 
8 M 10 wg Be/gm for 6 wks. 
9 2 B,/gm for 4 wks.{ 
10 M 0.04 per cent 3’-Me-DAB 4 wks.f 
1] F 


Av. DYE DESTRUCTIONT 
DAB 3’-Me-DAB 4’-F-DAB 


(ug/100 mg) 


TIssvuE SYSTEM 


Slice 
19 
20 


Ao ar AAO © 


“ 


(ug/40 mg) 
Homogenate 43 


plus FAD§ 12 
plus FAD 16 


RR RK AR 


— 


* Values are averages for two rats, the value for each rat being an average of two flasks prepared from the same liver. 
t pestruetion values given as ug. dye/100 mg slices (wet)/hour. Destruction values given in ug. dye destroyed per flask by 0.4 cc. of 10 per cent homogenate 


per 4 hour. 


t Groups 4-7 and 9-11 were fed 10 ug. B2/gm for 2 weeks before receiving the diets listed. 


§ 100 yg. of flavin-adenine dinucleotide added per flask. 


did not seem to be due to differences in the con- 
sumption of food or of carcinogen. 

Dye destruction in vitro.—The destruction of 
the azo dyes by liver slices or homogenates was 
essentially the same for tissues from male and 
female rats under most of the experimental condi- 
tions employed (Table 4). When the basal diet 
contained 10 yg. of riboflavin/gm, destruction 
reached 25 yg of DAB/100 mg of slices (wet) / 
hour, as compared to 13-14 yg DAB/100 mg/hour 
for rats fed 2 yg/gm of riboflavin (‘Table 4, groups 
|-5). By way of contrast, the destruction of 3’- 
Me-DAB and 4’-F-DAB was consistently lower 
than that of DAB, ranging from 5 to 10 ug/100 
mg/hour in these experiments. When 0.04 per 
cent of 3’-Me-DAB was fed for 2 weeks in the low 
nboflavin diet, destruction of the azo dyes by 
slices from the two sexes was also essentially simi- 


nates from rats fed high riboflavin. However, in 
the presence of added FAD both DAB and 3’-Me- 
DAB were destroyed at rates comparable to those 
obtained from rats fed the dye-free basal ration 
low in riboflavin (diet IV), while the destruction 
of 4’-F-DAB was increased to nearly twice that by 
livers from rats fed diet IV, viz., 11-13 yug/flask 
compared to 5-7 ug/flask (Table 4, groups 9-11). 
Dietary riboflavin appeared to be more impor- 
tant for the destruction of 4’-F-DAB and DAB by 
homogenates than for the destruction of 3’-Me- 
DAB (Table 4, groups 8 and 9). 


DISCUSSION 


The difference between the male and female zai 
liver in the response to 3’-Me-DAB is one of de- 
gree: livers of female rats fed this carcinogen 


5 Obtained from Mr. Philip Feigelson of this department. 
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developed tumors when the dose was sufficiently 
great or the time of feeding sufficiently prolonged. 
With lower doses, however, tumors developed less 
readily in the female than in the male, while cas- 
trates occupied an intermediate position. These 
unequal rates of tumor development apparently 
did not depend upon any inability of male liver 
to destroy the carcinogen; slices of livers from both 
sexes cleaved the dye at the same rate. Homoge- 
nates from the two sexes were likewise equivalent 
in their power to destroy dye. On the other hand, 
dye destruction in vitro varied with the level of 
riboflavin fed the rat, with the feeding of 3’-Me- 
DAB and with the addition of flavin-adenine 
dinucleotide to the reaction mixture. Differences 
were also marked among the rates at which any 
particular tissue destroyed the three dyes DAB, 
3’-Me-DAB, and 4’-F-DAB. Thus, the test sys- 
tem employed appeared to be adequate for the 
detection of any major differences that might 
have existed between the ability of male and fe- 
male liver to cleave these dyes. Since these livers 
appeared to be quite similar under all conditions 
imposed that did not involve a prolonged feeding 
of carcinogen, it was concluded that the different 
rates at which liver tumors developed in the two 
sexes probably depended upon some inherent fac- 
tor other than those involved in dye destruction. 

The prolonged feeding of carcinogen not only 
resulted in a greater visible damage (cirrhosis) to 
male than to female liver, but the ability to des- 
troy dye reached a lower level in the male (Table 
4). This latter impairment was interpreted to be a 
result of the greater sensitivity of the male liver 
to the dye rather than a cause of this sensitivity, 
although in a long-time experiment an induced 
impairment in ability to destroy dye would also 
tend to increase carcinogenesis. 

The present results again illustrate biological 
differences between closely related carcinogens. 
No marked differences in tumor incidence have 
been reported between male and female rats fed 
the parent compound DAB. In a recent study® 
female rats were fed 0.06 per cent DAB for 16 
weeks, and the incidence of tumors in the controls 
was 87 per cent, while the over-all incidence in the 
experimental groups was 48/56 or 86 per cent. This 
incidence is at least as high as that usually ob- 
served in male rats fed DAB (15, 18). By way of 
contrast, both 3’-Me-DAB and 4’-F-DAB are 


more carcinogenic in male rats than in females. 


However, the methyl derivative is not particu- 


larly sensitive to the amount of riboflavin in the 
diet (6-8), whereas 4’-F-DAB seems to be about 
as sensitive to the vitamin as DAB itself (13). 


6H. W. Rumsfeld, Jr., unpublished data. 


4’-F-DAB was included in this study at the 
suggestion of Dr. J. A. Miller as an example of g 
potent hepatic carcinogen in which a metabolic 
hydroxylation at the 4’-position would be yp. 
likely. This latter reaction is known to take place 
in the metabolism of DAB (16, 21), and an analo. 
gous hydroxylation occurs at the para or 7-posi- 
tion in AAF (2), both yielding derivatives (3, 9, 
12) that are either noncarcinogenic or only very 
weakly so. AAF is a much stronger hepatic car. 
cinogen in male rats than in females, but this sep- 
sitivity to sex is considerably reduced when the 
7-position is blocked with a fluorine atom.’ By 
analogy, therefore, the carcinogenicity of 4/-F. 
DAB might have been independent of sex, but 
since male rats proved to be more sensitive to this 
carcinogen than females (Table 2), it would ap. 
pear that the position para to the amine nitrogen 
does not have any particular significance in the un- 
equal responses of the two sexes to these azo dyes. 

Although no direct correlation is claimed be- 
tween induced hepatomas in rats and spontaneous 
hepatomas in man, it is of interest that primary 
liver cancer in man is also more frequent in the 
male than in the female. This has been observed 
in many different series and is true not only in the 
United States, where the incidence of primary 
hepatoma is low, but also in Africa where primary 
carcinoma of the liver is the most common form 
of malignancy. The ratios between the number of 
men and women with liver tumors ranges from 
3:1 to 6:1 (5, 11, 19). In addition, surveys among 
African natives indicate that men develop liver 
tumors relatively early in life. 


SUMMARY 

1. Male rats fed 3’-methyl-4-dimethylamino- 
azobenzene developed liver tumors more readily 
than females. This has been noted periodically 
over a 5-year period and has now also been dem- 
onstrated in controlled experiments. The incidence 
of induced liver tumors in castrates was inter- 
mediate between that in males and females. 

2. 4’-Fluoro-4-dimethylaminoazobenzene also 
appeared to be more carcinogenic in male rats 
than in females. The sex differences in tumor !n- 
cidence did not depend upon differences in the 
intake of food or of carcinogen. _ 

3. The ability of liver slices or homogenates to 
destroy DAB, 3’-Me-DAB, or 4’-F-DAB 1n wiiro 
did not vary with sex unless a carcinogen had been 
fed for a long period of time. 
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In Memoriam 


GEORGE MILTON SMITH 
1879-1951 


*“‘By their fruits ye shall know them.” The death of 
George Milton Smith on February 26, 1951, is now 
history. To record the vital role he played in the story 
of this journal is singularly appropriate, for much of it 
now is only known to a very few of his close associates, 
and, also, because it typifies the quiet, persistent, and 
efficient approach that characterized so many of the 
contributions of this great crusader in the cause of 
cancer. 

In 1916, when the Journal of Cancer Research was 
founded, Dr. Smith was the Director of the Barnard 
Free Skin and Cancer Hospital. Well versed in the best 
traditions of pathology as an associate of the renowned 
Eugene Opie and familiar with the pioneering studies 
of Leo Loeb, one of the original five editors, he was 
keenly sympathetic with the plan of the American As- 
sociation for Cancer Research to confine this publica- 
tion to results of broadening investigation then becom- 
ing evident. It would lead far afield to detail the 
tribulations of the journal and its various sponsors 
during the next quarter century and more. Now it may 
be said that Dr. Smith’s devotion to the plan remained 
inviolate, but, more important, his influence attained 
such stature that reinstatement of the journal in the 
Association with its high purpose to further research, 
now so well met, is more largely due to George M. 
Smith than to the combined efforts of all others. His de- 
termination never faltered, his perseverance never tired, 
and when the opportunity to consummatetheoriginal ob- 
jectives arose, he grasped it successfully to the great 
advantage of us all. 

How such exemplary characteristics as George Smith 
combined are acquired can only be approached by re- 
calling the exceptionally broad and varied experiences 
of his life. His parents were citizens of the United States; 
his father, a Dane by descent, was Master of Ships in 
the China Sea, and George was born in Hong Kong. 
At the age of 8, he was at school in Hamburg, Germany, 
and 2 years later in Boston, Massachusetts, where he 
remained until the Yale days that continued, with only 
interruptions for professional education and national 
service; and he became characterized increasingly by 
unswerving and intense loyalty with the progress of his 
distinguished life. 

His professional career had a similarly broadly pat- 
terned foundation, concentrating gradually with prepa- 
ration and opportunity in a few scientific problems to 
which he made signal contribution. School days in 
medicine at Columbia and clinical training during 4 
more years, preceded 7 years in pathology at Washing- 
ton University, climaxed, as has been said, by the 
directorship of the affiliated cancer hospital. World 
War I interrupted; George was a Captain in the Army 


Medical Corps of the Expeditionary Forces. And in 
World War II, he not only wisely directed the Connect. 
cut State Defense and War Council, he was as well cop. 
sultant to Army’s Surgeon General and chairman of the 
National Research Council’s Committee on Armored 
Vehicles. His pioneering and continuing experience in 
industrial medicine, as medical director of the Scoville 
Manufacturing Company from 1920, has proved of high 
importance nationally and also has promoted the organ- 
ization of this discipline as an educational enterprise, 

Many and large as these several services have been, 
they do not compare with the fruit of Dr. Smith's domi- 
nant medical absorption during his last 20 years. Con- 
cerned with problems of cancer early in his professional 
career, his was a major role in the expansion of the 
splendid effort now pointed toward understanding of 
this malady of many expressions, and of its prevention 
and treatment. Informed of the detail, acquainted with 
the investigators throughout the world, as medical di- 
rector of the Anna Fuller Fund since its inception, ad- 
visor to the International Cancer Research Founda- 
tion, member of the Board of Scientific Advisers of the 
Jane Coffin Memorial Fund for Medical Research, men- 
ber and later executive director of the National Ad- 
visory Cancer Council, the scope of relations and the 
responsibilities he bore so magnificently was indeed 
unrivaled. 

It has been well said that the problems of cancer are 
not only of primary importance to medicine and the 
health of man but also that they involve the deep 
mysteries of organic growth and development, and these 
touch all fields of biological science. The campaign 
against cancer is now being waged on a scale so vast that 
it requires not only intensive research by a host of 
workers, but statesmanlike co-ordination of the activi- 
ties and wise administration of the generous funds now 
available for its conduct. Fighters are needed in the 
front line, but a sound board of strategy and efficient 
service of supply is of equal importance.. In providing 
these George M. Smith was particularly distinguished. 

Obviously George had great abilities but none S0 
large as his understanding of his fellow-men and his 
unswerving purpose to aid them in the varied fashions 
that his wide experience in science and in life had pro- 
vided. He was tolerant of frailty and always at hand to 
help in the dilemmas that all too frequently arise: he 
was quick to recognize talent and to provide every 
possible support for its maturation. It may well be said, 
as the shadows lengthen and the years roll by, that his 
influence will be diffused, but even as it spreads it wil 
grow in accomplishment. 


M. C. WINTERNITZ, M.D. 
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